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Bcl-x/Bcl-2 Associated Cell Death Regulator 

5 

FIELD OF THE INVENTION 

The invention relates to the identification, purification, 
and isolation of a novel protein, termed Bad, which interacts 
with bcl-2 and, bcl-x proteins and regulates cell death, 

10 polynucleotides encoding Bad polypeptides, polynucleotides which 
specifically hybridize to a naturally-occurring mammalian Bad 
gene or mRNA sequence, oligonucleotide primers for amplifying a 
naturally-occurring mammalian Bad gene or mRNA sequence, 
substantially purified Bad polypeptides and polynucleotides, 

15 methods and compositions for detecting Bad polypeptides and 
polynucleotides, methods and compositions for identifying agents 
which modulate cell death, and methods of treating or preventing 
disease by modulating cell death. 

2 0 BACKGROUND OF THE INVENTION 

Cell death is an important aspect during the embryonic 
or post-natal development of major organ systems. Apoptosis, or 
programmed cell death, also plays a critical role in maintaining 
homeostasis in many adult tissues. Apoptosis is a term used to 
25 refer to the process (es) of programmed cell death and has been 
described in several cell types (Waring et al. (1991) Med . Res . 
Rev. 11 : 219; Williams GT (1991) Cell 65 ; 1097; Williams GT 
(1992) Trends Cell Biol, 2: 2 63; Yonisch-Rouach et al. (1991) 
Nature 352 : 345) . Apoptosis is likely involved in controlling 

3 0 the amount and distribution of certain differentiated cell types, 

such as lymphocytes and other cells of the hematopoietic lineage 
as well as other somatic and germ cells. The mechanism (s) by 
which apoptosis is produced in cells is incompletely understood, 
as are the regulatory pathways by which the induction of 
35 apoptosis occurs. 

Apoptosis Mechanism (s) 
Apoptosis was first described as a morphologic pattern 
of cell death characterized by cell shrinkage, membrane blebbing 

1 
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and chromatin condensation culminating in cell fragmentation 
(Kerr et al., 1972)- One hallmark pattern early in the process 
of cell death is internucleosomal DNA cleavage (Wyllie, 1980). 
The death-sparing effects of interrupting RNA and protein 
5 synthesis and the stereotyped patterns of cell death during 
development were consistent with a cell autonomous genetic 
program for cell death (Wyllie et al. (1980) Int. Rev. Cvtol . 68 : 
251; Sulston, J. and Horvitz, H. (1977) Develop. Biol . 56 : 110; 
Abrams et al. (1993) Development 117 : 29). The isolation of 

10 mutants defective for developmental cell death in the nematode 
Caenorhabditis elegans supported this view (Ellis, H. and 
Horvitz, H. (1986V Cell 44 : 817; Hengartner et al. (1992) Nature 
356: 494) . Despite the identification of genes necessary for 
cell death and the ability to regulate apoptosis by known genes, 

15 the essential biochemical events in apoptotic death remain 
largely unknown. 

The consistency of the morphologic and biochemical 
patterns defined as apoptosis within different cell types and 
species, during normal development and as a response to external 

2 0 stimuli are consistent with a common cause of cellular mortality. 

This thesis is supported by the concept of an endogenous program 
responsible for cell death and the presence of gene products 
which are positive and negative, regulators of apoptosis. The 
best studied negative regulator of apoptosis is the bcl-2 proto- 

25 oncogene product, it provides the strongest evidence for a shared 
mammalian pathway of death by its ability to block a wide variety 
of cell death models. 

The bcl-2 proto-oncogene is rather unique among 
cellular genes in its ability to block apoptotic deaths in 

30 multiple contexts (Korsmeyer, S. (1992) Blood 80 : 879) . 
Overexpression of JbcI-2 in transgenic models leads to 
accumulation of cells due to evasion of normal cell death 
mechanisms (McDonnell et al. (1989) Cell 57: 79). Induction of 
apoptosis by diverse stimuli, such as radiation, hyperthermia, 

3 5 growth factor withdrawal, glucocorticoids and multiple classes 

of chemotherapeutic agents is inhibited by Jbcl-2 in in vitro 
models (Vaux et al. (1988) Nature 3 35 : 440; Tsujimoto, Y. (1989) 
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Oncogene 4z 1331; Nunez et al. (1990) J, Immunol . 144 : 3602; 
Hockenbery et al. (1990) Nature 348 : 334; Sentman et al. (1991) 
Cell 67 : 879; Walton et al. (1993) Cancer Res . 53 ; 1853; 
Miyashita, T and Reed, J (1993) Blood 81 : 151) . These effects 
5 are proportional to the level of jbcl-2 expression. Additionally , 
the endogenous pattern of Jbcl-2 expression is indicative of a 
role in the regulation of cell survival in vivo (Hockenbery et 
al. (1991) Proc. Natl. Acad. Sci. USA 88: 6961; LeBrun et al. 
(1993) Am. J. Pathol . 142: 743) . The Jbcl-2 protein seems likely 
10 to function as an antagonist of a central mechanism operative in 
cell death. 

Jbcl-2 

The protein encoded by the Jbcl-2 proto-oncogene has 

15 been reported to be capable of inhibiting apoptosis in many 
hematopoietic cell systems. The proto-oncogene Jbcl-2 was 
isolated and characterized as a result of its frequent 
translocation adjacent to the immunoglobulin heavy chain enhancer 
in the t(14;18) chromosome translocation present in more than 80% 

20 of human follicular lymphomas (Chen-Levy et al. (1989) Mol. Cell, 
Biol. 9: 701; Cleary et al. (1986) Cell 47: 19). These 
neoplasias are characterized by an accumulation of mature resting 
B cells presumed to result from a block of apoptosis which would 
normally cause turnover of these cells. Transgenic mice 

25 expressing Jbcl-2 under the control of the E/u enhancer similarly 
develop follicular lymphomas which have a high incidence of 
developing into malignant lymphomas (Hockenberry et al. (1990) 
Nature 348 : 334 ; McDonnell TJ and Korsmeyer SJ (1991) Nature 349 : 
254; Strasser et al. (1991) Cell 67 : 889; McDonnell et al. (1989) 

30 Cell 52: 79) . 

The Jbcl-2 protein is a 26 kD membrane-associated 
cytoplasmic protein (Tsujimoto et al. (1987) Oncogene 2: 3; U.S 
Patents 5,202,429 and 5,015,568; Chen-Levy (1989) op. cit : 
Hockenberry (1990) op. cit : Hockenbery et al. (1991) Proc. Natl. 

35 Acad. Sci. (USA) 88: 6961; Monaghan et al.» (1*992) J. Histochem. 
Cvtochem . 40 : 1819; Nguyen et al. (1993) J. Biol. Chem. 2 68 : 
25265; Nguyen et al. (1994) J. Biol. Chem. 269 : 16521). Unlike 
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many other proto-oncogene products, the bcl-2 protein apparently 
functions, at least in part, by enhancing the survival of 
hematopoietic cells of T and B origins rather than by directly 
promoting proliferation of these cell types (Vaux et al. (1988) 
5 Nature 335; 440; Tsujimoto Y (1989) Proc. Natl. Acad. Sci . 
(U.S.A. ) 86: 1958; Tsujimoto Y (1989) Oncogene 4.: 1331; Reed et 
al. (1989) Oncogene 4: 1123; Nunez et al. (1989) Proc. Natl. 

Acad. Sci. (U.S.A. ) 86: 4589; Nunez et al. (1990) J. Immunol. 

144: 3602; Reed et al. (1990) Proc. Natl. Acad, Sci. ru.fi -A.) 
10 3660; Alnemri et al. (1992) Proc. Natl. Acad. Sci. (U.S.A.) 89 : 
7295) . The capacity of Jbcl-2 to enhance cell survival is related 
to its ability to inhibit apoptosis initiated by several factors, 
such as cytokine deprivation, radiation exposure, glucocorticoid 
treatment, and administration of anti-CD-3 antibody (Nunez et al. 
15 (1990) op.cit; Hockenbery et al. (1990) op.cit r Vaux et al. 
(1988) op.cit; Alnemri et al. (1992 ) Cancer Res. 52; 491; Sentman 
et al. (1991) Cell 67: 879; Strasser et al. (1991) op.cit ) . 
Upregulation of Jbcl-2 expression also inhibits apoptosis of EBV- 
infected B-cell lines (Henderson et al. (1991) Cell 65: 1107). 
2 0 The expression of Jbcl-2 has also been shown to block apoptosis 
resulting from expression of the positive cell growth regulatory 
proto-oncogene , c-myc, in the absence of serum or growth factors 
(Wagner et al (1993) Mol. Cell. Biol. 13 : 2432). 

Within vertebrates, Jbcl-2 is the best understood gene 
25 in a cell death pathway and functions as a cell death repressor. 
Other proteins which interact with and/or are structurally 
related to the Jbcl-2 gene product have also been identified, such 
as for example bcl-^ and Jbcl-^r 5 (Boise et al. (1993) Cell 74: 
597; Gonzalez-Garcia et al . (1994) Development 120 : 3033; 
30 Gottschalk et al. (1994) Proc. Natl. Acad. Sci. (USA) 91 : 7350), 
Box (Oltvai et al. (1993) Cell 74: 609), Mcl-l (Kozopas et al. 
(1993) Proc. Natl. Acad. Sci. fUSAI 90: 3516), and Al (Lin et al. 
(1993) J. Immunol. 151 : 179). The family of Jbcl-2 -related 
proteins also includes the nematode protein ced-9 (Vaux et al. 
35 (1992) Science 258 : 1955; HSrigSrtner et al. (1992) Nature 356 : 
494; Hengartner MO and Horvitz HR (1994) Cell 76 : 665) and two 
DNA virus proteins, LMW5-HL and BHRFr-i of the Epstein Barr Virus. 

4 
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Thus, a family of Jbcl-2-like genes exists and evidence indicates 
that they participate in regulating cell death. 

The family of bcl -2-related proteins has been noted to 
have homology that is principally, but not exclusively, clustered 
5 within two conserved regions entitled bcl -homology 1 and 2 (BH1 
and BH2) (Williams GT and Smith CA (1993) Cell 74 : 777; Yin et 
al. (1994) op.cit ) . This includes Bax, bcl-X L , Mcl-2, and Al , 
and several open reading frames in DNA viruses including BHRF1 
of Epstein-Barr virus and LMW5-HL of African swine fever virus 
10 (Oltvai et al. (1993) op.cit ; Boise et al. (1993) op.cit : Kozopas 
et al. (1993) op.cit : Lin et al. (1993) op.cit ) . 

Bax 

It has been discovered that bcl-2 also associates, in 

15 vivo with a 21 kD protein partner, called Bax (Oltvai et al. 
(1993) op. cit : Yin et al. (1994) Nature 369: 321). Bax shows 
extensive amino acid homology with bcl-2 and forms homodimers 
with itself and heterodimers with bcl -2 in vivo . Bax is encoded 
by 6 exons and demonstrates a complex pattern of alternative RNA 

20 splicing that predicts a 21 Kd membrane (a) and two forms (/? and 
7) of cytosolic protein. When Bax predominates and a substantial 
percentage of Bax is present as homomultimers (e.g. , homodimers) 
and /or free (unbound) Bax monomer, programmed cell death is 
accelerated and the death repressor activity of bcl -2 is 

25 countered. When in excess, Bax counters the ability of bcl-2 to 
repress cell death. It was completely unexpected to find that 
Bax shared extensive homology with JbcI-2, especially within two 
highly conserved domains. These domains are also the most highly 
conserved regions of human, mouse, and chicken bcl -2. These 

3 0 domains are also conserved in an open reading frame BHRF—1 within 
Epstein-Barr virus and Mcl-1, a gene recently isolated from a 
myeloid leukemia cell line following induction with phorbol ester 
(Kozopas et al. (1993) o p.cit ) . 

35 bcl -x 

The bcl-x gene was identified by low-stringency 
hybridization using a bcl-2 polynucleotide probe (Boise et al. 

5 
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(1993) op.cit. and encodes two proteins, hcl-x L and Jbcl-jr 5 , via 
alternative RNA splicing. The bcl-x L cDNA encodes a polypeptide 
of 233 amino acids with similar domains to those of bcl-2 . The 
bcl-x 3 cDNA encodes a polypeptide of 17 0 amino acids in which the 
5 region of highest homology to bd-2 has been deleted. When the 
ability of these two proteins to regulate apoptotic cell death 
was compared, it was found that bcl-x L rendered cells resistant 
to apoptotic cell death induced by growth factor deprivation, 
whereas bcl-x 3 could prevent overexpression of bcl-2 from 
10 inducing resistance to apoptotic cell death. Thus, bcl-x L can 
serve as an inhibitor of apoptotic cell death in a variety of 
cell lines, whereas bcl-x 3 inhibits the ability of bcl-2 to 
inhibit cell death and can make cells more susceptible to 
apoptotic cell death. 

15 

Cell Proliferation Cont rol and Neoplasia 
Many pathological conditions result, at least in part, 
from aberrant control of cell proliferation, differentiation, 
and/or apoptosis. For example, neoplasia is characterized by a 

2 0 clonally derived cell population which has a diminished capacity 

for responding to normal cell proliferation control signals. 
Oncogenic transformation of cells leads to a number of changes 
in cellular metabolism, physiology, and morphology. One 
characteristic alteration of oncogenically transformed cells is 
25 a loss of responsiveness to constraints on cell proliferation and 
differentiation normally imposed by the appropriate expression 
of cell growth regulatory genes. 

The precise molecular pathways and secondary changes 
leading to malignant transformation for many cell types are not 

3 0 clear. However, the characteristic translocation of the 

apqptosis-associated bcl-2 gene to the immunoglobulin heavy chain 
locus t(l4;18) in more than 80 percent of human follicular B cell 
lymphomas and 20 percent of diffuse lymphomas and the neoplastic 
follicular lymphoprolif eration present in transgenic mice 
35 expressing high levels o? bcl -2 indicates that * the- bcl-2 gene 
likely is causally involved in neoplastic diseases and other 
pathological conditions resulting from abnormal cell 
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proliferation, differentiation, and/ or apoptosis. Thus , it is 
desirable to identify agents which can modify the activity (ies) 
of bcl -2 -related proteins so as to modulate cell proliferation, 
differentiation, and/ or apoptosis for therapeutic or prophylactic 
5 benefit. Further, such agents can serve as commercial research 
reagents for control of cell proliferation, differentiation, 
and/or apoptosis in experimental applications, and/or for 
controlled proliferation and differentiation of predetermined 
hematopoietic stem cell populations in vitro , in ex vivo therapy, 

10 or in vivo . 

Despite progress in developing a more defined model of 
the molecular mechanisms underlying the transformed phenotype and 
neoplasia, few significant therapeutic methods applicable to 
treating cancer beyond conventional chemotherapy have resulted. 

15 Such jbcl-2-related protein modulating agents can provide novel 
Chemother apeutic agents for treatment of neoplasia, 
lymphoprol iterative conditions, arthritis, inflammation, 
autoimmune diseases, and the like. The present invention 
fulfills these and other needs. 

20 While identifying the bcl-2 cell death pathway is 

significant, a way of regulating the bcl-2 pathway has not been 
reported. The ability to down-regulate the cell death repressing 
effect of bcl-2 and/ or up-regulate the cell death promoting 
activity of Bax would be advantageous in cancer therapy, in 

2 5 controlling hyperplasia such as benign prostatic hypertrophy 

(BPH) and eliminating self reactive clones in autoimmunity by 
favoring death effector molecules. Up-regulating the effect of 
Jbcl-2 and favoring death repressor molecules would be beneficial 
in the treatment and diagnosis of immunodeficiency diseases, 

3 0 including AIDS, senescence, neurodegenerative disease, ischemic 

cell death, wound-healing, and the like. 

The references discussed herein are provided solely for 
their disclosure prior to the filing date of the present 
application. Nothing herein is to be construed as an admission 
35 that theT inventors are not entitles* tb antedate such disclosure 
by virtue of prior invention. 
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SUMMARY OF THE INVENTTON 

The present invention relates to the unexpected 
discovery that bcl-2 interacts with other proteins and in 
particular with an associated 22.1 kD protein called Bad (bcl- 
5 xL/bcl-2 associated death promoter) . The deduced polypeptide 
sequence of the Bad cDNA is 204 amino acids in length and has 
homology to the bcl -2 -related family clustered in the BH1 and BH2 
domains. It has been unexpectedly discovered that Bad 
heterodimerizes with bcl~x L and Jbcl-2 in yeast two-hybrid assays 

10 and in vivo in mammalian cells. It has also been discovered that 
overexpressed Bad counters the death inhibitory activity of Jbcl- 
x L , but is much less effective at countering the death inhibitory 
activity of Jbcl-2. Bad expression can accelerate apoptotic cell 
death induced by cytokine deprivation in an IL-3 dependent cell 

15 line expressing bcl-x L and expressed Bad counters the death 
repressor activity of bcl-x* 1 . Bad competes with Bax for binding 
to bcl-x^. By sequestering bcl-x 1, into Bad:bcl-x L 

heteromultimers, the expression of bcl-x** increases the ratio of 
Bax present as free (unbound) Bax monomers or Bax: Bax 

20 homomultimers as compared to heteromultimers containing Bax 
(e.g., Bax/bcl-x 1, heteromultimers), and thereby promotes 
susceptibility to apoptotic cell death. This discovery provides 
a model in which Bad can accelerate apoptotic cell death by 
reducing the relative amount of bcl-x L :Bax heteromultimers and 

2 5 thereby increasing the relative amount of Bax: Bax homomultimers 

and free Bax, thereby increasing the susceptibility of the cell 
to death following an apoptotic stimulus. 

The present invention provides several novel methods 
and compositions for modulating Bad and/or Bax and/or bcl-x L 
30 and/or bcl-2 activities and for screening for modulators of such 
activities. These methods utilize polynucleotide sequences 
encoding a Bad polypeptide and polynucleotides which are 
substantially identical to naturally-occurring polynucleotide 
sequences (e.g., cDNA or genomic gene) that encode such Bad 

3 5 polypeptides. ' The' invention also provides methods for 

identifying agents which modulate Bad and/or Bax activity in 
vivo . 

8 
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Accordingly, an embodiment of the invention involves 
the formation of a purified and/or isolated mammalian Bad protein 
and fragments thereof. In one aspect of the invention, Bad 
polypeptides and compositions thereof are provided. In an 
5 embodiment, the Bad polypeptides have the amino acid sequence of 
BH1 ( PPNLWAAQR YGRELRRMSDEFEG ) and/or BH2 ( GWTRI I QSWWDRNTGK ) . An 
embodiment involves a purified and/ or isolated Bad protein 
comprising the amino acid sequence shown in Fig 2(a) and denoted 
SEQ ID NO: 2: 

1 0 MGTPKQPSIAPAHAIiGI^KSDPGIRSLGSDAGGRRWRPAAQSMFQIPEFEPSEQEDASATD 
RGLGPSLTEDQPGPYLAPGLLGSNIHQQGRAATNSHHGGAGAMETRSRHSSYPAGTEEDEG 
MEEELSPFRGRSRSAPPNLWAAQRYGRELRRMSDEFEGSFKGLPRPKSAGTATQMRQSAGW 
TRIIQSWWDRNLGKGGSTPSQ 

or a substantially identical mutein, fragment, analog, or fusion 

15 protein thereof. 

The invention provides Bad muteins comprising a BH1 
domain (residues 137-160 of mouse Bad) and/or BH2 domain 
(residues 182-197 of mouse Bad) comprising an amino acid sequence 
having an amino acid substitution, addition, and/ or deletion as 

20 compared to a naturally-occurring Bad protein (e.g., a naturally- 
occurring Bad protein obtained from a non-pathological mammalian 
specimen) . In a variation, the invention provides Bad fragments 
comprising a BH-1 and/or BH2 domain, preferably both domains, 
wherein said fragments comprise a naturally-occurring Bad amino 

25 acid sequence and exhibit binding to bcl-2 and/or bcl^x L and/or 
inhibit cell death repressor function, or wherein such fragments 
comprise an amino acid substitution, addition, or deletion 
relative to the naturally-occurring Bad polypeptide sequence and 
which substantially lack binding to bcl-2 , hcl-x L , or other Jbcl- 

30 2-related protein, and/or have activity as a Bad competitive 
antagonist and/ or enhance death repressor activity or block death 
repressor activity of endogenous bcl-2 or bcl-x L protein. 

Another embodiment involves the formation of Jbcl-2 and 
Bax mutants wherein the native protein or fragment has at least 

35 one amino acid deleted or replaced by another amino acid and the 
mutants exhibits altered biological activity from the* native 
protein or fragment. 
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Polynucleotide sequences encoding Bad polypeptides are 
provided. The characteristics of the cloned sequences are given, 
including the nucleotide and predicted amino acid sequences. 
Polynucleotides comprising these sequences can serve as templates 
5 for the recombinant expression of quantities of Bad polypeptides, 
such as full-length mammalian Bad. Many polynucleotides 
comprising these sequences can also serve as probes for nucleic 
acid hybridization to detect the transcription rate and mRNA 
abundance of Bad mRNA in individual cells ( e.g., lymphocytes or 
10 other somatic or germ cell types) by in situ hybridization and 
the like, and in specific cell populations by Northern blot 
analysis and/or by in situ hybridization (Alwine et al. (1977) 
Proc. Natl. Acad. Sci. U.S.A. 74 : 5350) and/ or PCR amplification 
and/or LCR detection. Polynucleotide sequences encoding Bad 
15 polypeptides are also provided. The characteristics of the 
cloned sequences are given, including the nucleotide and 
predicted amino acid sequence in Figs. 1 and 2. Polynucleotides 
comprising sequences encoding these amino acid sequences can 
serve as templates for the recombinant expression of quantities 
20 of Bad polypeptides, such as human Bad and murine Bad. 

The invention also provides host cells expressing Bad 
polypeptides encoded by a polynucleotide other than a naturally- 
occurring Bad gene or homolog gene of the host cell (if present) • 
The invention provides screening assays for identifying 
25 agents which modulate (e.g., inhibit) binding of a Bad 
polypeptide to a Jbcl-2 or bcl-x 1, polypeptide and/or which 
modulate (e.g., inhibit) binding of a Bad polypeptide to an 
alternative Jbcl-2 -related polypeptide. 

In one embodiment, candidate therapeutic agents are 
30 identified by their ability to block the binding of a Bad 
polypeptide to a bcl-x L polypeptide under binding conditions. 
The Bad polypeptide preferably comprises the Bad BH1 and BH2 
domains, and often is a full-length mature Bad protein. The Jbcl- 
x 1 * polypeptide preferably comprises the bcl-x^ BH1 and BH2 
3 5 domains, and often is* a full-length mature htiman hcl-x L protein-. * fc 
Compositions for identifying candidate therapeutic agents 
typically comprise: (1) a Bad polypeptide capable of binding to 
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a Bad-interacting polypeptide (e.g. , bcl-^ , bcl-2) , (2) a Bad- 
interacting polypeptide (e.g., bcl-x L , bcl-2) , (3) aqueous 
binding conditions (e.g., physiological conditions), and 
optionally (4) a host cell (e.g., a yeast cell, mammalian cell, 
5 bacterial cell) , and optionally (5) a reporter polynucleotide, 
and optionally (6) a medium to support growth or maintenance of 
a host cell; an agent is typically added to such a composition 
for evaluation. 

In an embodiment, a candidate therapeutic agent is 

10 identified by its ability to block the binding of a Bad fusion 
polypeptide to a bcl-x 1, fusion polypeptide in a yeast two-hybrid 
system, wherein the Bad fusion polypeptide comprises a Bad 
polypeptide sequence fused to a GAL4 DNA-binding domain vector 
(GAL4 DB) or a GAL4 activation domain vector (GAL4 AD) and 

15 wherein the bcl-x L fusion polypeptide comprises a bcl-x L 
polypeptide sequence fused to a GAL4 activation domain vector 
(GAL4 AD) or a GAL4 DNA-binding domain vector (GAL4 DB) , 
respectively. 

In an embodiment, a candidate therapeutic agent is 

2 0 identified by its ability to block the binding of a Bad fusion 

polypeptide to a bclr-2 fusion polypeptide in a yeast two-hybrid 
system, wherein the Bad fusion polypeptide comprises a Bad 
polypeptide sequence fused to a GAL4 DNA-binding domain vector 
(GAL4 DB) or a GAL 4 activation domain vector (GAL4 AD) and 
25 wherein the Jbcl-2 fusion polypeptide comprises a bcl-2 
polypeptide sequence fused to a GAL4 activation domain vector 
(GAL4 AD) or a GAL4 DNA-binding domain vector (GAIi4 DB) , 
respectively . 

The invention also provides antisense polynucleotides 

3 0 complementary to polynucleotides encoding Bad polypeptide 

sequences. Such antisense polynucleotides are employed to 
inhibit transcription and/ or translation of the Bad polypeptide 
mRNA species and thereby effect a reduction in the amount of the 
respective Bad polypeptide in a cell (e.g., a lymphocytic cell 
3 5 of a patient) . Such antisens^ polynucleotides can: function as 
Bad- or bcl -j^-modulating agents by inhibiting the formation of 
Bad:bcl-x L complexes and increasing the relative abundance of 
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free Bax and/or Bax: Bax complexes. The antisense polynucleotides 
can promote apoptotic cell death in susceptible cells (e.g. , 
cells having an apoptotic stimulus) . The Bad antisense 
polynucleotides are substantially identical to at least 25 
contiguous nucleotides of the complementary sequence of the Bad 
cDNA sequence shown in Fig 2(b) and denoted SEQ ID NO: 3. The 
Bad antisense polynucleotides are typically ssDNA, ssRNA, 
methylphosphonate backbone nucleic acids, phosphorothiolate 
backbone, polyamide nucleic acids, and the like antisense 
structures known in the art. In one aspect of the invention, an 
antisense polynucleotide is administered to inhibit transcription 
and/or translation. of Bad in a cell. 

In a variation of the invention, polynucleotides of the 
invention are employed for diagnosis of pathological conditions 
or gienetic disease that involve neoplasia of other medical 
conditions related to Bad function, and more specifically 
conditions and diseases that involve alterations in the structure 
or abundance of a Bad polypeptide, RNA transcript or splicing 
intermediate, mRNA, or genomic gene locus. 

The invention also provides antibodies which bind to 
Bad with an affinity of about at least 1 x 10 7 M" 1 and which lack 
specific high affinity binding for a other Jbcl-<2-related 
polypeptides. Such antibodies can be used as diagnostic reagents 
to identify cells exhibiting altered Bad function (e.g., 
senescent, preneoplastic, hyperplastic, or neoplastic cells) in 
a cellular sample from a patient (e.g., a lymphocyte sample, a 
solid tissue biopsy), as commercial reagents to identify, 
isolate, and/ or quant itate Bad polypeptides in samples and 
histological specimens, and the like. Cells having a decreased 
relative amount of Bad protein are identified as being cells 
which have an decreased susceptibility to apoptosis (and hence 
an increased likelihood for cell proliferative disorders; 
hyperplasia, neoplasia) as compared to a control (or 
standardized) cell population of non-neoplastic cells of the same 
cell type(s);" Frequently, anti-Bad antibodies are included efs 
diagnostic reagents for immunohistopathology staining of cellular 
samples in situ . Additionally, anti-Bad antibodies may be used 
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therapeutically by targeted delivery to neoplastic cells (e.g., 
by cationization or by liposome or immuno liposome delivery) . 

The invention also involves the use of the protein Bad 
or mutein or fragment thereof for performing immunochemical 
5 methods for the detection and determination of the protein or its 
associated protein bcl-x L , in order to monitor cell survival 
versus death or to detect or monitor the course of diseases. 

The invention also provides Bad polynucleotide probes 
for diagnosis of disease states (e.g. , neoplasia or preneoplasia) 

. 10 by detection of a Bad mRNA or rearrangements or deletion of the 
Bad gene in cells explanted from a patient, or detection of a 
pathognomonic Bad allele (e.g., by RFLP or allele-specif ic PCR 
analysis). Typically, the detection will be by in situ 
hybridization using a iabeled (e.g., 32 p, 35 S, 14 C, 3 H, 

15 fluorescent, biotinylated, digoxigeninylated) Bad polynucleotide, 
although Northern or Southern blotting, dot blotting, or solution 
hybridization on bulk genomic DNA, RNA, or poly A + RNA isolated 
from a cell sample may be used, as may PCR amplification using 
Bad-specific primers. Cells which contain an altered amount of 

20 Bad mRNA as compared to non-neoplastic cells of the same cell 
type(s) will be identified as candidate diseased cells. 
Similarly, the detection of pathognomonic rearrangements, 
deletion, or amplification of the Bad gene locus or closely 
linked loci in a cell sample will identify the presence of a 

25 pathological condition or a predisposition to developing, a 
pathological condition (e.g., cancer, genetic disease). The 
polynucleotide probes are also used for forensic identification 
of individuals, such as for paternity testing or identification 
of criminal suspects or unknown decedents. 

30 The present invention also provides a method for 

diagnosing a disease (e.g., neoplasia, preneoplasia, senescence) 
in a human patient, wherein a diagnostic assay (e.g., 
immunohistochemical staining of fixed cells by an antibody that 
specifically binds Bad polypeptides) is used to determine if a 

3 5 predetermined pathognomonic concentration of Bad polypeptide or 
its encoding mRNA is present in a biological sample from a human 
patient; if the assay indicates the presence of Bad polypeptide 
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or its encoding mRNA outside of the normal range (e.g., outside 
the predetermined pathognomonic concentration range) , the patient 
is diagnosed as having a disease condition or predisposition. 

The invention also provides therapeutic agents which 
inhibit neoplasia or apoptosis by modulating Bad function by 
inhibiting or augmenting formation of complexes of Batdibcl-x L 
polypeptides and/or Bad:bcl-2 polypeptides and/or complexes of 
Bad with other Bad-binding polypeptides; such agents can be used 
as pharmaceuticals. Such pharmaceuticals will be used to treat 
a variety of human and veterinary diseases, such as for example 
and not limitation: neoplasia , hyperplasia, benign prostatic 
hypertrophy, fibrocystic breast disease, reperfusion injury, 
myocardial infarction, stroke, traumatic brain injury, 
neurodegenerative diseases, aging, ischemia, toxemia, infection, 
15 AIDS, hepatitis, and the like. 

The invention also provides methods for identifying 
polypeptide sequences which bind to a Bad polypeptide. For 
example, a yeast two-hybrid screening system can be used for 
identifying polypeptide sequences that bind to Bad. Yeast two- 

2 0 hybrid systems wherein one GAL4 fusion protein comprises a Bad 

polypeptide sequence, typically a full-length of near full-length 
Bad polypeptide sequence, and the other GAL4 fusion protein 
comprises a cDNA library member can be used to identify cDNAs 
encoding proteins which interact with the Bad polypeptide, can 
25 be screened according to the general method of Chien et al. 
(1991) Proc. Natl. Acad. Sci. (USA1 88 : 9578. Alternatively, an 
E. coli/BCCP interactive screening system (Germino et al. (1993) 
, Proc. Natl. Acad. Sci. (U.S.A.) 90; 933; Guarente L (1993) Proc . " ~ 
Natl. Acad. Sci. (U.S.A.) £0: 1639) can be used to identify 

3 0 interacting protein sequences. Also, an expression library, such 

as a Xgtll cDNA expression library, can be screened with a 
labelled Bad polypeptide to identify cDNAs encoding polypeptides 
which specifically bind to the Bad polypeptide. For these 
procedures, cDNA libraries usually comprise mammalian cDNA 
35 populations, typically human, ' mduse, simian, or rat, and ma ^ 
represent cDNA produced from RNA of one or more cell , type, 
tissue, or organ and one or more developmental stage. Specific 
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binding for screening cDNA expression libraries is usually 
provided by including one or moire blocking agent (e.g. , albumin, 
nonfat dry milk solids, etc.) prior to and/or concomitant with 
contacting the labeled Bad polypeptide (and/ or labeled anti-Bad 
5 antibody) . 

The invention also provides a method of identifying 
candidate Bad modulating agents, comprising: 

performing a heterodimerization assay which includes (1) a 
Bad polypeptide capable of binding to a bcl-2 and/ or bcl-x 1, 
10 polypeptide species, (2) a bcl-2 polypeptide or bcl-x L 
polypeptide capable of binding to said Bad polypeptide under 
binding conditions, (3) and an agent; 

determining whether the agent inhibits heterodimerization 
of the Bad polypeptide species to the JbcI-2 or bcl-x 1, 
15 polypeptide; 

identifying agents which inhibit said heterodimerization as 
candidate Bad modulating agents which modulate apoptosis, cell 
proliferation, senescence, and/or cell differentiation. Such 
candidate Bad modulating agents can serve as pharmaceuticals, 

2 0 commercial laboratory reagents, and solutes, among other uses. 

The invention also provides a method of identifying 
candidate Bad-^modulating agents, comprising: 

performing a heterodimerization assay which includes a Bad 
polypeptide comprising a BH1 and/or BH2 domain with a bcl-2 or 
25 bcl-x 1, polypeptide comprising a BH1 and/or BH2 domain and an 
agent; 

determining whether the agent inhibits heterodimerization 
of the Bad polypeptide to the Jbcl-2 or bcl-x L polypeptide; 

identifying agents which inhibit said heterodimerization as 

3 0 candidate Bad-modulating agents which inhibit apoptosis. 

The invention also provides a method of identifying 
candidate Bad-modulating agents, comprising: 

performing a heterodimerization assay which includes a Bad 
polypeptide comprising a BH1 and/ or BH2 domain with a bcl-2 or 
35 bcl-x* 4 polypeptide comprising a BH1 and/or' BH2 domain and an 
agent; 
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determining whether the agent inhibits heterodimerization 
of the Bad polypeptide to the bcl-2 or bcl-^ polypeptide; 

identifying agents which enhance said heterodimerization as 
candidate Bad-modulating agents which enhance susceptibility to 
5 apoptosis and cell death. 

In one aspect, the invention provides non-human animals 
(e.g., mice) which comprise a homozygous pair of functionally 
disrupted endogenous Bad alleles. Such functionally disrupted 
endogenous Bad alleles typically result from homologous gene 
10 targeting, and often comprise a naturally-occurring Bad allele 
which is (1) disrupted by deletion of an essential structural 
sequence (e.g., exon) or regulatory sequence (e.g., promoter, 
enhancer, polyadenylation site, splice junction site) or (2) 
disrupted by integration of an exogenous polynucleotide sequence 
15 (e.g., neo* gene) into an essential structural sequence (e.g. ., 
exon) or regulatory sequence (e.g., promoter, enhancer, 
polyadenylation site, splice junction site) . Such Bad knockout 
animals can be sold commercially as test animals (e.g., as a 
preneoplastic animal for testing carcinogenic agents, such as a 
20 p53 knockout mouse or the Harvard OncoMouse™) , bred to transfer 
the disrupted Bad allele (s) into other genetic backgrounds, and 
sold as disease models for screening for therapeutic agents, and 
the like. Such knockout animals have a wide variety of 
utilities, including serving as pets and sources of animal 
25 protein (e.g., as a foodstuff), among many other uses. 

In one aspect of the invention, transgenic nonhuman 
animals, such as mice, bearing a transgene encoding a Bad 
polypeptide and/or a or bcl-x L polypeptide are provided. 

Such transgenes may be homologously recombined into the host 
3 0 chromosome or may be non-homo logously integrated. 

In an embodiment, the invention provides Bad 
polynucleotides for gene therapy and compositions of such Bad 
gene therapy vectors for treating or preventing disease. 

Further included is a method for the treatment of a 
35 neurodegenerative^ disease, an immunodeficiency "(£.g*. AIDS), 
senescence, or ischemia, which comprises; decreasing the 
effective amount of Bad or administering a mutein or fragment 
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thereof (or polynucleotide encoding same) to a patient to 
increase the effective ratio of bcl-2 to Bax and/or bcl-x 1 * to 
Bax to promote the survival of cells by generating an excess of 
bcl-2 and /or bcl-x 1 * available to bind Bax; and, a method for the 
5 treatment of hyperplasia, hypertrophies, cancers and autoimmunity 
disorders, which comprises: increasing the effective amount of 
Bad or administering a „ mutein or fragment thereof ( or 
polynucleotide encoding same) to a patient to regulate the ratio 
of bcl-2 to Bax and/or bcl-x 1, to Bax so as to favor BaxzBax 
1G homomultimer formation and promote cell death. In a variation, 
the method comprises administering an agent which modifies 
heterodimerization of Bad to bcl-2 and/ or to bcl-x 1 *. In a 
variation, the method comprises administering a fragment, mutein, 
or peptidomimetic of a bcl-2-related protein (e.g., Bad, Bax, 
15 bcl-2, bcl-xL, bcl-xS, Mcl-1, Al , or homologues) . 

Another embodiment involves an associated protein, 
which comprises Bad protein coupled with a Bad-associated protein 
or fragments thereof. 

A further embodiment involves a polynucleotide (e.g., 

2 0 a DNA isolate) consisting essentially of a genomic DNA sequence 

encoding Bad and more particularly a composition consisting of 
c DNA molecules which encode the Bad protein. 

A further embodiment involves a polynucleotide (e.g., 
a DNA isolate) consisting essentially of a genomic DNA sequence 
25 encoding human Bax and more particularly a composition consisting 
of c DNA molecules which encode the Bax protein. 

Another aspect of the invention involves Bad 
pharmaceutical compositions, which contain pharmaceutical^ 
effective amounts of a Bad polypeptide, Bad polynucleotide, 

3 0 and/ or Bad-modulating agent, and a suitable pharmaceutical 

carrier or delivery system. 

The invention also comprises a method for identifying 
mutant Bad proteins which substantially lack binding to bcl-2 
and/or bcl-x 1, and/or substantially enhance death repressor 
35 activity, said method comprising the steps of: 

introducing a mutation into a Bad polynucleotide 
encoding a Bad polypeptide to produce a mutated Bad 
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polynucleotide, whereby said mutated Bad polynucleotide encodes 
a mutant Bad polypeptide comprising an amino acid substitution 
or deletion in a BH1 or BH2 domain; 

expressing said mutant Bad polypeptide in a mammalian 
5 cell which expresses bcl-2 and/or bcl-x L and which is capable of 
undergoing Jbcl-2-sensitive apoptosis; 

determining whether expression of the mutant Bad 
polypeptide enhances death repressor activity of a bcl-2 or Jbcl- 
X* 1 protein endogenous to said mammalian cell and/or whether said 
10 mutant Bad protein itself competes with endogenous, naturally- 
occurring Bad tor bcl-2 /bcl-x L binding and thereby enhances death 
repressor activity, and/or is incapable of providing inhibition 
of said Jbcl^/bcl-x^-dependent repression of apoptosis; and 

identifying mutant Bad proteins which derepress 
15 endogenous bcl-2/bcl-x L death repressor activity in the presence 
of endogenous naturally-occurring Bad and/ or which are capable 
of enhancing death repressor activity of bcl-2 and/or bcl-x 1, in 
a cell. 

A further understanding of the nature and advantages 
20 of the invention will become apparent by reference to the 
remaining portions of the specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Sequence of murine Bad. Nucleotide and 
25 predicted amino acid sequence of murine Bad. Bold and double 

underlined residues are conserved amino acids in BH1 and BH2 . 

The two stretches of dotted underlined amino acids indicate PEST 

sequences. Single underlined triplets in the 5 1 untranslated 

region are two in-frame stop codons. The polyadenylation site 
3 0 is shown in underlined italics. Numbers to the right of the 

sequence are nucleotide positions, numbers to the left are amino 

acid positions. 

Figure 2. (a) Polynucleotide coding sequence of mouse 

Bad cDNA. (b) Deduced amino acid sequence of mouse Bad. 
3 5 Figure 3. Isolation of Bad;* "'(a) The pPC97Bcl-2AC2f 

plasmid used as bait was transformed into PCY2 yeast cells; the 



18 



9613814A1 JA> 



WO 96/13614 



PCT/US95/14246 



resultant strain was then transformed with a GAL4 -activation 
domain-cDNA fusion library, and plated on -ura-leu-trp media, 
(b) The bacterially produced GST-HMK-BcI-2AC21 fusion protein 
was labeled in vitro with 32 p~7~ATP and used to probe phage 
5 library filters. HMK, heart muscle kinase motif. 

Figure 4. cDNA inserts from E14 . 5 cDNA fusion library. 
The stretch of 9 adenines in the 3 1 untranslated region served 
as an oligo-dt priming site for some isolates* (b) cDNA inserts 
from E16 Ex-lox library . (c) Composite full-length murine cDNA 
10 from newborn brain and adult thymus libraries. 

Figure 5. Alignment of Bad and bcl-2 family members in 
BH1 and BH2 domains, (a) Schematic representation of bcl-2 BH1 
and BH2 domains. Numbers denote amino acid positions in the 
protein, (b and c) The roost conserved amino acids in BH1 and BH2 
15 are shaded. Dashes denote gaps in the sequence to maximize 
alignment. 

Figure 6. Tissue Northern analysis and RT-PCR of Bad 
and bcl-x L . Total RNAs from mouse tissues were probed with a PCR 
labeled Bad cDNA probe. The blot was reprobed with a PCR labeled 

2 0 bcl-x L cDNA probe. Finally, it was stripped and probed with 
glyceraldehyde-3-phosphate dehydrogenase to quantitate the amount 
of RNA loaded in each lane* 

Figure 7. Tissue Northern analysis and RT-PCR of Bad 
and bcl-x L . Reverse transcriptase reactions were performed on 1 

25 ^g of total RNA from mouse organs. One-fourth (250 ng RNA 
equivalent) of the RT reaction product was used for Bad and Jbcl- 
x L PCR, while one fortieth (25 ng RNA equivalent) of the RT 
reaction product was used for 0-actin PCR. All PCRs were carried 
out for 25 cycles. Total RNA from FL5 . 12Neo cells was used as 

30 control. 

Figure 8. RT-PCR of embryo RNAs. 1 fig of total RNA 
isolated from mouse embryos was used as substrate in random 
hexamer primed reverse transcriptase reactions. The equivalent 
of 250 ng of RNA was used for subsequent PCR reactions for Bad 
35 and bcl-x L . The equivalent of 25 ng of RNA was us£d f or 0-actin 
PCR reactions. All PCRs were carried out for 25 cycles. 
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Figure 9. Interaction of Bad with bcl-2 family members 
in the yeast two-hybrid system. PCY2 yeast strain was 
transfromed with pairs of GAL4-DNA binding domain and GAL4- 
activating domain plasmids. Liquid cultures of transf ormants 
5 were spotted on nitrocellulose filters for X-gal assays. 
Standardized protein lysates were prepared from the same cultures 
for ONPG assays. The 0-galactosidase activity for each gene 
within the pAS plasmid together with an empty pACTIl plasmid was 
normalized to 1.0. pASBAX, pASBCL-X s , and pASAl constructs all 
10 displayed spurious transcription activation and could not be 
further assessed. 

Figure 10. Western blot analysis and viability of 

Bad-expressing FL5.12 clones. 75 ng of protein lysate was loaded 
in each lane. The anti-HA (hemagglutinin) mAb 12CA5 was used to 
15 detect the presence of HA-Bad. The blot was developed with DAB. 

Figure 11. Viability assays. Culture of independent 
clones indicated by the symbols were deprived of IL-3 and the 
fraction of viable cells ±SEM was assessed by trypan blue 
exclusion on the days indicated, and plotted. Data points and 
standard deviations were obtained from 3 or more experiments. 

Figure 12. Co- immunoprecipitation of and Bad. 

(a) Primary immunoprecipitation of the 35 S-labeled FL5.i2Bc2-2 
line (lanes 2, 3, 4) and FL5.12Bcl-2 transf ected with pSFFVHA- 
Bad, clone #4 (lanes 5, 6, 7). 6C8 is a mAb specific for human 
25 bcl-2, 12CA5 is a mAb specific for the influenza virus 
hemagglutinin (HA) epitope. C is a mouse anti-human cyclin 
antibody used as an isotype control, M denotes marker lane. 
Immunoprecipitated complexes were captured by protein A-Separose 
beads; one-half of each sample was loaded on a 12.5% SDS-PAGE 
30 gel, which was f luorographed. (b) Western blot analysis of 
primary immunoprecipitates. One-half of each sample from (a) was 
used in immunoblotting with 6C8 mAb and developed with ECL. 
(c) Primary immunoprecipitation of 35 S-labeled FL5 . 12Bcl-2HA- 
Bad#4 with 6C8 (lane 2) , and secondary immunoprecipitation of 
35 that supernatant with anti-Bad Ab (lane 3). -•• - - 

Figure 13. Co-immunoprecipitation of bcl-x L and Bad. 
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(a) Primary immunoprecipitation of the 35 S-labeled FL5 . 12Bcl 
line (lanes 2, 3, 4) and one of "the pSFFVHA-Bad transfected 
clones (lanes 5, 6, 7), using anti-Jbcl-x Ab, ant i -HA mAb (12CA5) , 
and anti-Bad Ab. One-third of each sample was loaded on a 12.5% 
5 SDSPAGE gel and f luorographed . (b) Western blot analysis of one- 
third of each primary immunoprecipitate using biotinylated anti- 
bcl-x Ab, developed with DAB. (c) Western blot analysis of one- 
third of each primary immunoprecipitate using biotinylated anti- 
Bad Ab, developed with DAB. (d) Primary immunoprecipitation of 
10 35 S-labeled FL5 . 12£cl-X I HA-Bad#7 with anti-Jbcl-x Ab (lane 2) , and 
secondary immunoprecipitation of that supernatant with 12CA5 mAb 
(lane 3) . 

Figure 14 . Amount of Bax not found in heterodimers in 
cells correlates with cell death. Sequential immunoprecipitations 

15 were performed on the clones indicated above the lanes. 20 X 10 6 
cells of each were metabolically labeled. (a) Primary 
immunoprecipitations with anti-Jbcl-x Ab or 6C8 mab. Using one- 
half of the 35 S-labeled cells from each clone, anti-Jbcl-x Ab was 
incubated with 0.2% NP-40 lysates of clones expressing bcl-x L , 

20 and 6C8 mAb was incubated with those expressing human bcl-2 . 
Primary immunoprecipitations were separated on 12.5% SDS-PAGE 
gels and f luorographed. (b) Immunoprecipitation of Bax from 
supernatants . Immunoprecipitations were performed on supernatants 
from cells in panel (a) . The supernatants from panel (a) were 

2 5 cleared a second time with the same Ab to remove all bcl-x L and 
bcl-2 complexes. These doubly cleared supernatants were 
incubated with the 4D2 anti-Bax mAb and electrophoresed on 12.5% 
SDS-PAGE gels to quantitate the amount of Bax not complexed with 
either bcl-x L or bcl-2. (c) Primary immunoprecipitation of total 

30 Bax. The other one-half of the original 35 S-labeled cells were 
lysed in RIPA buffer and immunoprecipitated with the 4D2 MAb to 
quantitate the total amount of Bax. Bands were quantitated using 
a phosphoimager . The fraction of Bax that was not in 
heterodimers, and presumably homodimerized, was determined in 3 

35 experiments and the average value is shown. "' 

Figure 15, Schematic representation of the competition 
of Bad for either bcl-x T or Jbcl-2. While bcl-2iBad heterodimers 
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are detected, they do not markedly change the amount of Bax 
homodimers. In contrast, the bcl-x L :Bad interaction is 

apparently stronger, displacing bcl-x L from Bax, resulting in 
more Bax t Bax homodimers, 
5 Figure 16. Block diagram of a computer system for 

comparing a query polypeptide sequence or query polynucleotide 
sequence to a database containing Bad sequences and other 
polynucleotide or polypeptide sequences and ranking database 
sequences based on the degree of sequence identity and gap weight 
10 to query sequence. 

Figure 17. Flow diagram of program for comparing query 
polypeptide sequence or query polynucleotide sequence to a 
database containing Bad sequences and other polynucleotide or 
polypeptide sequences and ranking database sequences based on the 
15 degree of sequence identity and gap weight to query sequence. 

Figure 18. Sequence of partial length cDNA candidate 
for human homolog of Bad. The sequence was identified as a 
candidate Bad homolog and is available through Lawrence Livennore 
National Laboratories and the IMAGE Consortium. The sequence was 
20 done under the direction of R.K. Wilson at Washington University 
School of Medicine. The clone identification number is 
I.M.A.G.E. Consortium ClonelD 171560. The sequence identification 
number is H1813 5 at the NCBI. 

Figure 19 shows a sequence alignment of the mouse Bad 
25 polynucleotide sequence (BAPORF) and the candidate human partial 
Bad cDNA sequence designated H18135. Sequence numbering is shown 
on the left margin, with the translation start codon (ATG) of 
BAPORF indicated as nucleotide position 1. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 
belongs. Although any methods and materials similar or 

35 equivalent to those described herein can be used in ttt# practice 
or testing of the present invention, the preferred methods and 
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materials are described. For purposes of the present invention, 
the following terms are defined below. 

Definitions 

5 As used herein, the twenty conventional amino acids and 

their abbreviations follow conventional usage ( Immunology - A 
Synthesis , 2nd Edition, E.S. Golub and D.R. Gren, Eds., Sinauer 
Associates, Sunderland, Massachusetts (1991)). Stereoisomers 
(e.g., D-amino acids) of the twenty conventional amino acids, 
10 unnatural amino acids such as a, cr-disubstituted amino acids, N- 
alkyl amino acids, lactic acid, and other unconventional amino 
acids may also be suitable components for polypeptides of the 
present invention. Examples of unconventional amino acids 
include: 4-hydroxyproline , 7-carboxyglutamate, €-N,N,N- 
15 trimethyllysine, e-N-acetyllysine, O-phosphoserine, N- 
acetylserine, N-f ormylmethionine, 3-methylhistidine, 5- 
hydroxy lysine, a>-N-methylarginine, and other similar amino acids 
and imino acids (e.g., 4-hydroxyproline). In the polypeptide 
notation used herein, the lefthand direction is the amino 
2 0 terminal direction and the righthand direction is the carboxy- 
terminal direction, in accordance with standard usage and 
convention. Similarly, unless specified otherwise, the lefthand 
end of single-stranded polynucleotide sequences is the 5 1 end; 
the lefthand direction of double-stranded polynucleotide 
25 sequences is referred to as the 5 1 direction. The direction of 
5 1 to 3 • addition of nascent RNA transcripts is referred to as 
the transcription direction; sequence regions on the DNA strand 
having the same sequence as the RNA and which are 5. 1 to the 5 1 
end of the RNA transcript are referred to as "upstream 
30 sequences"; sequence regions on the DNA strand having the same 
sequence as the RNA and which are 3 • to the 3 • end of the coding 
RNA transcript are referred to as "downstream sequences". 

The term "naturally-occurring" as used herein as 
applied to an object refers to the fact that an object can be 
35 found in nature Fbr~ example, a polypeptide"* "or polynucleotide 
sequence that is present in an organism (including viruses) that 
can be isolated from a source in nature and which has not been 
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intentionally modified by man in the laboratory is naturally- 
occurring. Generally, the term naturally-occurring refers to an 
object as present in a non-pathological (undiseased) individual, 
such as would be typical for the species. 
5 As used herein, the term "Bad" refers to the mammalian 

Bad gene and mammalian Bad proteins, including isoforms thereof, 
unless otherwise identified; human and murine Bad proteins and 
genes are preferred exemplifications of mammalian Bad, and in its 
narrowest usage Bad refers to a Bad polynucleotide and 
10 polypeptide sequences having substantial identity to SEQ ID NO: 
2, or is at least 85 percent substantially identical to SEQ ID 
NO: 2, or is at least 90-95 percent substantially identical to 
SEQ ID NO: 2. 

The term "corresponds to" is used herein to mean that 
15 a polynucleotide sequence is homologous (i.e., is identical, not 
strictly evolutionarily related) to all or a portion of a 
reference polynucleotide sequence, or that a -polypeptide sequence 
is identical to a reference polypeptide sequence . In 
contradistinction, the term "complementary to" is used herein to 
20 mean that the complementary sequence is homologous to all or a 
portion of a reference polynucleotide sequence. For illustration, 
the nucleotide sequence "TATAC" corresponds to a reference 
sequence "TATAC" and is complementary to a reference sequence 
"GTATA" . 

25 The following terms are used to describe the sequence 

relationships between two or more polynucleotides: "reference 
sequence", "comparison window" , "sequence identity", "percentage 
of sequence identity", and "substantial identity". A "reference 
sequence" is a defined sequence used as a basis for a sequence 

30 comparison; a reference sequence may be a subset of a larger 
sequence, for example, as a segment of a full-length cDNA or gene 
sequence given in a sequence listing, such as a polynucleotide 
sequence of Fig. 1 or Fig. 2(b), or may comprise a complete cDNA 
or gene sequence. A full-length cDNA or gene sequence is defined 

3 5 as a polynucleotide containing the sequence (s) neefes v sary to 
encode a complete protein product, including a translation 
initiation codon and a translation termination codon, unless 
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linked to another encoding sequence in a format for production 
as a fusion protein* Generally, a reference sequence is at least 
2 0 nucleotides in length, frequently at least 25 nucleotides in 
length, and often at least 50 nucleotides in length. Since two 
5 polynucleotides may each (1) comprise a sequence (i.e., a portion 
of the complete polynucleotide sequence) that is similar between 
the two polynucleotides, and (2) may further comprise a sequence 
that is divergent between the two polynucleotides, sequence 
comparisons between two (or more) polynucleotides are typically 
10 performed by comparing sequences of the two polynucleotides over 
a "comparison window" to identify and compare local regions of 
sequence similarity . 

A "comparison window", as used herein, refers to a 
conceptual segment of at least 20 contiguous nucleotide positions 
15 wherein _a polynucleotide sequence may be compared to a reference 
sequence of at least 20 contiguous nucleotides and wherein the 
portion of the polynucleotide sequence in the comparison window 
may comprise additions or deletions (i.e., gaps) of 20 percent 
or less as compared to the reference sequence (which does not 
20 comprise additions or deletions) for optimal alignment of the two 
sequences. Optimal alignment of sequences for aligning a 
comparison window may be conducted by the local homology 
algorithm of Smith and Waterman (1981) Adv. Appl. Math. 2z 482, 
by the homology alignment algorithm of Needleman and Wunsch 
25 (1970) «J. Mol. Biol. 48 ; 443, by the search for similarity method 
of Pearson and Lipman (198 8) Proc. Natl. Acad. Sci. fU.S.A. ) 85 : 
2444, by computerized implementations of these algorithms (GAP, 
BESTFIT, FASTA, and TFASTA iri the Wisconsin Genetics Software 
Package Release 7.0, Genetics Computer Group, 575 Science Dr., 
30 Madison, WI) , or by inspection, and the best alignment (i.e., 
resulting in the highest percentage of homology over the 
comparison window) generated by the various methods is selected. 

The term "sequence identity" means that two 
polynucleotide sequences are identical (i.e., on a nucleotide-by- 
35 nucleotide basis) over the window of comparison. The tel-fllT 
"percentage of sequence identity" is calculated by comparing two 
optimally aligned sequences over the window of comparison, 
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determining the number of positions at which the identical 
nucleic acid base (e.g., A, T, C, G, U, or I) occurs in both 
sequences to yield the number of matched positions, dividing the 
number of matched positions by the total number of positions in 
5 the window of comparison (i.e. , the window size) , and multiplying 
the result by 100 to yield the percentage of sequence identity. 
The terms "substantial identity" as used herein denotes a 
characteristic of a polynucleotide sequence, wherein the 
polynucleotide comprises a sequence that has at least 8 0 percent 

10 sequence identity, preferably at least 85 percent identity and 
often 90 to 95 percent sequence identity, more usually at least 
9 9 percent sequence identity as compared to a reference sequence 
over a comparison window of at least 20 nucleotide positions, 
frequently over a window of at least 2 5-50 nucleotides, wherein 

15 the percentage of sequence identity is calculated by comparing 
the reference sequence to the polynucleotide sequence which may 
include deletions or additions which total 2 0 percent or less of 
the reference sequence over the window of comparison. The 
reference sequence may be a subset of a larger sequence, for 

2 0 example, as a segment of the full-length Bad polynucleotide 

sequence shown in Fig. 1 or Fig. 2(a) or a segment of a Bad 
protein, such as a fragment spanning residues 137-160 (BH1) 
and/or 182-197 (BH2) . 

As applied to polypeptides, the term "substantial 
25 identity" means that two peptide sequences, when optimally 
aligned, such as by the programs GAP or BESTFIT using default gap 
weights, share at least 80 percent sequence identity, preferably 
at least 90 percent sequence identity, more preferably at least 
95 percent sequence identity or more (e.g., 99 percent sequence 

3 0 identity) . Preferably, residue positions which are not identical 

differ by conservative amino acid substitutions. 

Conservative amino acid substitutions refer to the 
interchangeability of residues having similar side chains. For 
example, a group of amino acids having aliphatic side chains is 
35* c * glycine, alanine, valine; " leucine, and isoleficifre; a group of 
amino acids having aliphatic-hydroxyl side chains is serine and 
threonine; a group of amino acids having amide-containing side 
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chains is asparagine and glutamine; a group of amino acids having 
aromatic side chains is phenylalanine, tyrosine, and tryptophan; 
a group of amino acids having basic side chains is lysine, 
arginine, and histidine; and a group of amino acids having 
5 sulfur-containing side chains is cysteine and methionine. 
Preferred conservative amino acids substitution groups are: 
valine-leucine-isoleucine, phenylalanine-tyrosine, lysine- 
arginine, alanine-valine, and asparagine-glutamine. 

The term "Bad native protein" and "full-length Bad 
10 protein" as used herein refers to a full-length Bad polypeptide 
of 204 amino acids as shown herein ( see . Figs, l and 2(a)) or as 
naturally occurs in. a mammalian species (e.g., mouse, human, 
simian, rat, etc.). A preferred Bad native protein is the 
polypeptide corresponding to the deduced amino acid sequence 
15 shown in Fig. 2(a) or corresponding to the deduced amino acid 
sequence of a cognate full-length Bad cDNA of another species 
(e.g., human). Also for example, a native Bad protein present 
in naturally-occurring somatic cells which express the Bad gene 
are considered full-length Bad proteins. 
20 The term "fragment" as used herein refers to a 

polypeptide that has an amino-terminal and/or carboxy-terminal 
deletion, but where the remaining amino acid sequence is 
identical to the corresponding positions in the sequence deduced 
from a full-length cDNA sequence (e.g., the cDNA sequence shown 
25 in Fig. 2(a)). Fragments typically are at least 14 amino acids 
long, preferably at least 20 amino acids long, usually at least 
50 amino acids long or longer, up to the length of a full-length 
naturally-occurring Bad polypeptide (e.g., about 204 amino 
acids) . 

3 0 The term "analog", "mutein" or "mutant" as used herein 

refers to polypeptides which are comprised of a segment of at 
least 10 amino acids that has substantial identity to a portion 
of the naturally occurring protein. For example, a Bad analog 
comprises a segment of at least 10 amino acids that has 

3 5 substantial' 1 identity to a Bad protein, such as the Bad protein 
of Fig. 2(a); prefierably a deduced amino acid sequence . of a 
mammalian Bad cDNA. In an embodiment, a Bad analog or mutein has 
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at least one of the following properties: binding to bcl-2 or 
binding to native bal-x L protein under suitable binding 
conditions. Typically, analog polypeptides comprise a 

conservative amino acid substitution (or addition or deletion) 
5 with respect to the naturally-occurring sequence. Analogs 
typically are at least 2 0 amino acids long, preferably at least 
50 amino acids long or longer, most usually being as long as 
full-length naturally-occurring protein (e.g., 204 amino acid 
residues for mouse Bad) . Some analogs may lack biological 

10 activity (e.g., bcl-2 or bcl-x^ binding) but may still be 
employed for various uses, such as for raising antibodies to Bad 
epitopes, as an immunological reagent to detect and/ or purify a- 
Bad antibodies by affinity chromatography, or as a competitive 
or noncompetitive agonist, antagonist, or partial agonist of 

15 native Bad protein function. 

The term "Bad polypeptide" is used herein as a generic 
term to refer to native protein, fragments, or analogs of Bad, 
or such fused to a second polypeptide sequence (e.g., an epitope 
tag, 0-gal, or other fusion) . Hence, native Bad, fragments of 

2 0 Bad, and analogs of Bad, as well as Bad fusion proteins are 

species of the Bad polypeptide genus. Preferred Bad polypeptides 
include: a murine full-length Bad protein comprising the murine 
polypeptide sequence shown in Fig. 2(a) , a full-length human Bad 
protein comprising a polypeptide sequence encoded by a human Bad 
25 cDNA which can be isolated by the methods described Infra, 
polypeptides consisting essentially of the sequence of Bad domain 
I or domain II, and the naturally-occurring mouse Bad isoforms, 
including post-translationally modified isoforms. Generally, Bad 
polypeptides are less than 5,000 amino acids long, usually less 

3 0 than 1000 amino acids long. 

The term "Jbcl-2 polypeptide" is used herein as a 
generic term to refer to native protein, fragments, analogs, or 
fusions of bcl -2, preferably human or murine bcl-2 , usually human 
bcl-2. 

3 5 The teritt "Jbcl-^ 1 polypeptide" is Us£d herein as a 

generic term to refer to native protein, fragments, analogs, or 
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fusions of bcl-x L , preferably human or murine bcl-x^ , usually 
human bcI-Ar 1 *. 

The term "Bax polypeptide" is used herein as a generic 
term to refer to native protein, fragments, analogs, or fusions 
5 of Bax, preferably human or murine Bax , usually human Bax. 

The term "Bad polynucleotide" as used herein refers to 
a polynucleotide of at least 15 nucleotides wherein the 
polynucleotide comprises a segment of at least 15 nucleotides 
which.: (1) are at least 85 percent identical to a naturally- 
10 occurring Bad mRNA sequence or its complement or to a naturally- 
occurring Bad genomic structural gene sequence, and/or (2) encode 
a Bad polypeptide. Due to the degeneracy of the genetic code, 
some Bad polynucleotides encoding a Bad polypeptide will be less 
that 85 percent identical to a naturally-occurring Bad 
15 polynucleotide. Similarly, some Bad polynucleotides which are 
suitable as hybridization probes, PCR primers, LCR amplimers, and 
the like will not encode a Bad polypeptide. 

The term "cognate" as used herein refers to a gene 
sequence that is evolutionarily and functionally related between 
20 species. For example but not limitation, in the human genome, 
the human CD4 gene is the cognate gene to the mouse CD4 gene, 
since the sequences and structures of these two genes indicate 
that they are highly homologous and both genes encode a protein 
which functions in signaling T cell activation through MHC class 
25 Il-restricted antigen recognition. Thus, the cognate human gene 
to the murine Bad gene is the human gene which encodes an 
expressed protein which has the greatest degree of sequence 
identity to the murine Bad protein and which exhibits an 
expression pattern similar to that of the murine Bad (e.g., 
3 0 expressed in an equivalent tissue-specific expression pattern) . 
Preferred cognate Bad genes are: rat Bad, rabbit Bad, canine Bad, 
nonhuman primate Bad, porcine Bad, bovine Bad, and hamster Bad. 
Cognate genes to Bad in non-mammalian species (e.g., elegans, 
avians, fish) can also be isolated. 
35 The term "agent" is "used herein to denote a clielfticar 

compound, a mixture of chemical compounds, an array of spatially 
localized compounds (e.g., a VLSIPS peptide array, polynucleotide 
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array, and/or combinatorial small molecule array) , a biological 
macromolecule, a bacteriophage peptide display library, a 
bacteriophage antibody (e.g./ scFv) display library, a polysome 
peptide display library, or an extract made from biological 
5 materials such as bacteria, plants, fungi, or animal 
(particularly mammalian) cells or tissues. Agents are evaluated 
for potential activity as antineoplastics, anti-inf lammatories, 
or apoptosis modulators by inclusion in screening assays 
described hereinbelov. Agents are evaluated for potential 

10 activity as specific protein interaction inhibitors (i.e., an 
agent which selectively inhibits a binding interaction between 
two predetermined polypeptides but which does not substantially 
interfere with cell viability) by inclusion in screening assays 
described hereinbelow. 

15 The term "protein interaction inhibitor" is used herein 

to refer to an agent which is identified by one or more screening 
method (s) of the invention as an agent which selectively inhibits 
protein-protein binding between a first interacting polypeptide 
and a second interacting polypeptide. Some protein interaction 

2 0 inhibitors may have therapeutic potential as drugs for human use 

and/or may serve as commercial reagents for laboratory research 
or bioprocess control. Protein interaction inhibitors which are 
candidate drugs are then tested further for activity in assays 
which are routinely used to predict suitability for use as human 
25 and veterinary drugs, including in vivo administration to non- 
human animals and often including administration to human in 
approved clinical trials * 

The term "antineoplastic agent" is used herein to refer 
to agents that have the functional property of inhibiting a 

3 0 development or progression of a neoplasm in a human, particularly 

a lymphocytic leukemia, lymphoma or pre-leukemic condition. 

The term "Jbc2-2 antagonist" is used herein to refer to 
agents which inhibit bcl-2 activity and can produce a cell 
phenotype characteristic of cells having reduced or undetectable 
35 expression 6f JbcI-2; Jbci-2 antagonists typically will enhance 
apoptosis. In contradistinction, Jbc2-2 agonists will enhance 
bcl-2 activity and will usually reduce apoptosis. 
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The term n bcl-x L antagonist" is used herein to refer 
to agents which inhibit bcl-x 1 * activity and can produce a cell 
phenotype characteristic of cells having reduced or undetectable 
expression of bcl-x 1 *; bcl-x L antagonists typically will enhance 
5 apoptosis. In contradistinction, bcl-x L agonists will enhance 
bcl-x L activity and will usually reduce apoptosis. 

The term "Bad antagonist" is used herein to refer to 
agents which inhibit Bad activity and can produce a cell 
phenotype characteristic of cells having reduced or undetectable 
10 expression of Bad; Bad antagonists typically will reduce or 
inhibit apoptosis. In contradistinction, Bad agonists will 
enhance Bad activity and will usually enhance susceptibility to 
apoptosis. 

As used herein, the terms "label" or "labeled" refers 

15 to incorporation of a detectable marker, e.g. . by incorporation 
of a radiolabeled amino acid or attachment to a polypeptide of 
biotinyl moieties that can be detected by marked avidin (e.g. , 
streptavidin containing a fluorescent marker or enzymatic 
activity that can be detected by optical or calorimetric 

20 methods) . Various methods of labeling polypeptides and 

glycoproteins are known in the art and may be used. Examples of 
labels for polypeptides include, but are not limited to, the 
following: radioisotopes (e.g., , 3 H, 14 C, 35 S, 125 I, 131 I) , 
fluorescent labels (e.g., FITC, rhodamine, lanthanide phosphors) , 

25 enzymatic labels (e.g., horseradish peroxidase, /S-galactosidase , 
lucif erase, alkaline phosphatase) , biotinyl groups, predetermined 
polypeptide epitopes recognized by a secondary reporter (e.g., 
leucine zipper pair sequences, binding sites for secondary 
antibodies, transcriptional activator polypeptide, metal binding 

30 domains, epitope tags) . In some embodiments, labels are attached 
by spacer arms of various lengths to reduce potential steric 
hindrance. 

As used herein, "substantially pure" means an object 
species is the predominant species present (i.e., on a molar 
35* basis it is more abundant than any other" individual 
macromolecular species in the composition), and preferably a 
substantially purified fraction is a composition wherein the 
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object species comprises at least about 50 percent (on a molar 
basis) of all macromolecular species present. Generally, a 
substantially pure composition will comprise more than about 8 0 
to 9 0 percent of all macromolecular species present in the 
5 composition. Most preferably, the object species is purified to 
essential homogeneity (contaminant species cannot be detected in 
the composition by conventional detection methods) wherein the 
composition consists essentially of a single macromolecular 
species. Solvent species, small molecules (<500 Daltons) , and 
10 elemental ion species are not considered macromolecular species. 

As used herein "normal blood" or "normal human blood" 
refers to blood from a healthy human individual who does not have 
an active neoplastic disease or other disorder of lymphocytic 
proliferation, or an identified predisposition for developing a 
15 neoplastic disease. Similarly, "normal cells", "normal cellular 
sample", "normal tissue", and "normal lymph node" refers to the 
respective sample obtained from a healthy human individual who 
does not have an active neoplastic disease or other 
lymphoprol iterative disorder. 
20 As used herein the terms "pathognomonic concentration", 

"pathognomonic amount", and "pathognomonic staining pattern" 
refer to a concentration, amount, or localization pattern, 
respectively, of a Bad protein or mRNA in a sample, that 
indicates the presence of a pathological (e.g., neoplastic, 
25 senescent, immunodef icient , neurodegenerative, inflammatory, 
etc.) condition or a predisposition to developing a neoplastic 
disease, such as carcinoma, sarcoma, or leukemia. A 
pathognomonic amount is an amount of a Bad protein or Bad mRNA 
in a cell or cellular sample that falls outside the range of 
30 normal clinical values that is established by prospective and/or 
retrospective statistical clinical studies. Generally, an 
individual having a neoplastic disease (e.g., carcinoma, sarcoma, 
or leukemia) will exhibit an amount of Bad protein or mRNA in a 
cell or tissue sample that is outside the range of concentrations 
35 that characterize normal, undiseased individuals; typically ttife 
pathognomonic concentration is at least about one standard 
deviation outside the mean normal value, more usually it is at 
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least: about two standard deviations or more above the mean normal 
value. However, essentially all clinical diagnostic tests 
produce some percentage of false positives and false negatives. 
The sensitivity and selectivity of the diagnostic assay must be 
5 sufficient to satisfy the diagnostic objective and any relevant 
regulatory requirements. In general, the diagnostic methods of 
the invention are used to identify individuals as disease 
candidates, providing an additional parameter in a differential 
diagnosis of disease made by a competent health professional. 
10 As used herein the term "physiological conditions" 

refers to temperature, pH, ionic strength, viscosity, and like 
biochemical parameters which are compatible with a viable 
organism, and/or which typically exist intracellular ly in a 
viable cultured yeast cell or mammalian cell. For example, the 
15 intracellular conditions in a yeast cell grown under typical 
laboratory culture conditions are physiological conditions. 
Suitable in vitro reaction conditions for in vitro transcription 
cocktails are generally physiological conditions. In general, 
in vitro physiological conditions comprise 50-200 mM NaCl or KC1, 
20 pH 6.5-8.5, 20-45°C and 0.001-10 mM divalent cation (e.g., Mg ++ , 
Ca ++ ) ; preferably about 150 mM NaCl or KC1, pH 7.2-7.6, 5 mM 
divalent cation, and often include 0.01-1.0 percent nonspecific 
protein (e.g., BSA) . A non-ionic detergent (Tween, NP-40, Triton 
X-100) can often be present, usually at about 0.001 to 2%, 
25 typically 0.05-0.2% (v/v) . Particular aqueous conditions may be 
selected by the practitioner according to conventional methods. 
For general guidance, the following buffered aqueous conditions 
may be applicable: 10-250 mM NaCl, 5-50 mM Tris HC1, pH 5-8, with 
optional addition of divalent cation (s) and/or metal chelators 
3 0 and/ or nonionic detergents and/or membrane fractions and/or 
antifoam agents and/or scintillants. 

As used herein, the terms "interacting polypeptide 
segment" and "interacting polypeptide sequence" refer to a 
portion of a hybrid protein which can form a specific binding 
35 interaction with a portion of a second hybrid protein under 
suitable binding conditions. Generally, a portion of the first 
hybrid protein preferentially binds to a portion of the second 
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hybrid protein forming a heterodimer or higher order 
heteromultimer comprising the first and second hybrid proteins; 
the binding portions of each hybrid protein are termed 
interacting polypeptide segments. Generally, interacting 

5 polypeptides can form heterodimers with a dissociation constant 
(K D ) of at least about 1 x 10 3 M~ x , usually at least 1 x 10 4 M* 1 , 
typically at least 1 x 10 5 M" 1 , preferably at least 1 x 10 6 
to 1 x 10 7 M" 1 or more, under suitable physiological conditions. 

As used herein, the term "multimer" comprises dimer and 
10 higher order complexes (trimer, tetramer, pentamer, hexamer, 
heptamer, octamer, etc.) . "Homomultimer" refers to complexes 
comprised of the same subunit species. "Heteromultimer" refers 
to complexes comprised of more than one subunit species. 

The term "recombinant" used herein refers to Batx and 
15 bcl-2 produced by recombinant DNA techniques wherein the gene 
coding for protein is cloned by known recombinant DNA technology. 
For example, the human gene for Box may be inserted into a 
suitable DNA vector, such as a bacterial plasmid, and the plasmid 
used to transform a suitable host. The gene is then expressed 
20 in the host to produce the recombinant protein. The transformed 
host may be prokaryotic or eukaryotic, including mammalian, 
yeast, Aspergillus and insect cells. One preferred embodiment 
employs bacterial cells as the host. 

25 Overview 

It is known that the development as well as the 
maintenance of many adult tissues is achieved by several 
dynamically regulated processes that include cell proliferation, 
differentiation and programmed cell death. In the latter 

3 0 process, cells are eliminated by a highly characteristic suicide 
program entitled apoptosis. 

Jbcl-2 was first isolated at the chromosomal breakpoint 
of t( 14; 18) bearing follicular B cell lymphomas. Transgenic mice 
bearing a bcl-2-Ig mini-gene that recapitulates this 

3 5 translocation display" a polyclonal follicular hyperplasia with 
a four-fold increase in resting B cells and as such B cells 
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accumulate because of extended cell survival rather than 

increased proliferation. 

A survey of adult tissues indicates that bcl-2 has played 

several roles in numerous cell lineages. Glandular epithelium 
that undergoes hyperplasia or involution in response to hormonal 
stimuli or growth factors express Jbcl-2. In complex epithelium, 
such as the skin and gut, bcl-2 is generally restricted to stem 
cells and proliferation zones. Within the adult nervous system 
is more prominent in the peripheral nervous system rather 
than the central nervous system. Thus, Jbcl-2 can be needed to 
save the progenitor and long-lived cells in a variety of cell 
lineages. 

Jbcl-2 appears to function in several subcellular 
locations. It was been unexpectedly discovered that Jbcl-2 
associates, in vivo with a 21 kD protein partner, called Bax. 
Bax shows extensive amino acid homology with bcl-2 and forms 
homodimers with itself and heterodimers with Jbcl-2 and bcl-x 1, in 
vivo . Bax is encoded by 6 exons and demonstrates a complex 
pattern of alternative RNA splicing that predicts a 21 Kd 
membrane (a) and two forms (/? and 7) of cytosolic protein. When 
Bax predominates, programmed cell death is accelerated and the 
death repressor activity of bcl-2 and/ or bcl-x 1 * is countered. 

It has been discovered .that the ratio of bcl-2 /Bax 
and/or bcl-x L /Bax determines a cells susceptibility to death 
following an apoptotic stimulus. In the presence of IL-3 
overexpressed Bax does not noticeably alter normal cell division 
or viability. Bax is present and associated with Jbcl-2 and/or 
bcl-xL prior to growth factor deprivation. Bax RNA is expressed 
in normal tissues and in a variety of cell lines prior to a death 
induction signal. The synthesis of Bax does not appear to be a 
de novo response that follows a death stimulus, and Bax in itself 
accelerates apoptotic cell death only following a death signal, 
such as IL-3 deprivation. Excess Bax also counters the death 
repressor activity of Jbcl-2. When Jbcl-2 is in excess cells are 
protected : " However , when Bax is In excess and Bax hombciimers 
dominate, cells are susceptible to apoptosis. 
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A basis of the present invention is the unexpected 
discovery of a naturally-occurring protein, Bad, which binds to 
bcl-x 1, and less avidly binds to bcl-2 in a two-hybrid system and 
in vivo . Bad binds to bcl-x 1 * and/ or bcl-2 and reduces the death 
5 repressor activity of bcl-x 1 " and/or bcl-2 , thereby making a cell 
more susceptible to apoptosis. Without wishing to be bound by 
any particular model or explanation, it is generally believed 
that by when Bad binds to bcl-x 1 " and/or bcl-2 , it effectively 
sequesters these species so that the formation of Bax: bcl-x 1, 
10 complexes and/or Bax: bcl-2 complexes is reduced, and the relative 
amount of free Bax and/or Bax:Bax homomultimers (homodimers) is 
increased, and thereby the susceptibility of a cell to an 
apoptosis stimulus and cell death is increased* 

These discoveries are consistent with a model in which 
15 the response of a cell to a death signal is determined by a 
preset mechanism, such as the ratio of bcl-2 /Bax and/or bcl- 
x L /Bax 9 and Bad modulates the effective levels of non-sequestered 
bcl-2 and/or bcl-x L available to complex with Bax in a cell. 

Because of these interactions it is possible to use 

2 0 this invention for the detection and determination of Bad, Bax 

bcl-x L and/or bcl-2 and complexes thereof, for example in a 
fraction from a tissue or organ separation operation, or 
immunochemical technique in view of the proteins antigenic 
properties. Specific antibodies can also be formed on 

25 immunization of animals with this protein. 

Bad Polypeptides and Polynucleotides 

The nomenclature used hereafter and the laboratory 
procedures in cell culture, molecular genetics, and nucleic acid 

3 0 chemistry and hybridization described below may involve well 

known and commonly employed procedures in the art. Standard 
techniques are used for recombinant nucleic acid methods, 
polynucleotide synthesis, and microbial culture and 
transformation (e.g., electroporation, lipofection) . The 
3 5 techniques and ' procedures are generally performed" according to** 
conventional methods in the art and various general references 
(see, generally , Sambrook et al. Molecular Cloning: A Laboratory 
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Manual, 2d ed. (1989) Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N. Y . 

Oligonucleotides can be synthesized on an Applied Bio 
Systems oligonucleotide synthesizer according to specifications 
5 provided by the manufacturer. 

Methods for PCR amplification are described in the art 
( PCR Technology; Principles and Applications for DNA 
Amplification ed. HA Erlich, Freeman Press, New York, NY (1992) ; 
PCR Protocols; A Guide to Methods and Applications r eds. Innis, 
10 Gelfland, Snisky, and White, Academic Press, San Diego, CA 
(1990); Mattila et al. (1991) Nucleic Acids Res . 19: 4967; 
Eckert, K. A. and Kunkel, T. A. (1991) PCR Methods and Applications 
1: 17; PCR , eds. McPherson, Quirkes, and Taylor, IRL Press, 
Oxford; and U.S. Patent 4,683,202). 

15 

Cloning of Bad Polynucleotides 
Disclosure of the full coding sequences for murine Bad 
shown in Fig. 1 and Fig. 2(a) and 2(b) makes possible the 
construction of isolated polynucleotides that can direct the 

2 0 expression of Bad, fragments thereof, or analogs thereof. 

Further, the sequences in Fig. 1 and Fig. 2(a) and 2(b) make 
possible the construction of nucleic acid hybridization probes 
and PCR primers that can be used to detect RNA and DNA sequences 
encoding Bad. 

25 Polynucleotides encoding full-length Bad or fragments 

or analogs thereof, may include sequences that facilitate 
transcription (expression sequences) and translation of the 
coding sequences, such that the encoded polypeptide product is 
produced. Construction of such polynucleotides is well known in 

3 0 the art and is described further in Maniatis et al., Molecular 

Cloning: A Laboratory Manual . 2nd Ed. (1989), Cold Spring Harbor, 
N.Y. For example, but not for limitation, such polynucleotides 
can include a promoter, a transcription termination site 
(polyadenylation site in eukaryotic expression hosts) , a ribosome 
35 binding site, and, optionally, an enhancer for use in' eukaryotic 
expression hosts, and, optionally, sequences necessary for 
replication of a vector. A typical eukaryotic expression 
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cassette will include a polynucleotide sequence encoding a Bad 
polypeptide linked downstream (i.e., in translational reading 
frame orientation; polynucleotide linkage) of a promoter such as 
the HSV tk promoter or the pgk (phosphoglycerate kinase) 
5 promoter, optionally linked to an enhancer and a downstream 
polyadenylation site (e.g., an SV40 large T Ag poly A addition 
site) . 

Preferably, these amino acid sequences occur in the given 
order (in the amino-terminal to carboxy-terminal orientation) and 
10 may comprise other intervening and/or terminal sequences; 
generally such polypeptides are less than 1000 amino acids in 
length, more usually less than about 500 amino acids in lengths, 
and frequently approximately 204 amino acids in length. The 
degeneracy of the genetic code gives a finite set of 
15 polynucleotide sequences encoding these amino acid sequences; 
this set of degenerate sequences may be readily, generated by hand 
or by computer using commercially available software (Wisconsin 
- Genetics Software Package Release 7.0). Isolated Bad 

polynucleotides typically are less than approximately 10,000 
2 0 nucleotides in length. 

Additionally, where expression of a polypeptide is not 
desired, polynucleotides of this invention need not encode a 
functional protein. Polynucleotides of this invention may serve 

as hybridization. probes and/or PCR primers (amplimers) and/or LCR 

25 oligomers for detecting Bad RNA or DNA sequences. 

Alternatively, polynucleotides of this invention may serve 
as hybridization probes or primers for detecting RNA or DNA 
sequences of related genes, such genes may encode structurally 
or evolutionarily related proteins. For such hybridization and 
30 PCR applications, the polynucleotides of the invention need not 
encode a functional polypeptide. Thus, polynucleotides of the 
invention may contain substantial deletions, additions, 
nucleotide substitutions and/or transpositions, so long as 
specific hybridization or specific amplification to a Bad 
3 5 sequence is retained. 

Genomic or cDNA clones encoding Bad may be isolated 
from clone libraries (e.g., available from Clontech, Palo Alto, 
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CA) using hybridization probes designed on the basis of the 
nucleotide sequences shown in Fig. 1 and Fig. 2(a) and 2(b) and 
using conventional hybridization screening methods (e.g., Benton 
WD and Davis RW (1977) Science 196: 18 0; Goodspeed et al. (1989) 
5 Gene 76: 1) . Where a cDNA clone is desired, clone libraries 
containing cDNA derived from somatic cell mRNA or other Bad- 
expressing cell mRNA are preferred. Alternatively, synthetic 
polynucleotide sequences corresponding to all or part of the 
sequences shown in Fig. 1 and Fig. 2(b) may be constructed by 
10 chemical synthesis of oligonucleotides. Additionally, polymerase 
chain reaction (PCR) using primers based on the sequence data 
disclosed in Fig. 1 and Fig. 2(a) and 2(b) may be used to amplify 
DNA fragments from genomic DNA, mRNA pools, or from cDNA clone 
libraries. U.S. Patents 4,683,195 and 4,683,202 describe the PCR 
15 method. Additionally, PCR methods employing one primer that is 
based on the sequence data disclosed in Fig. 1 and a second 
primer that is not based on that sequence data may be used. For 
example, a second primer that is homologous to or complementary 
to a polyadenylation segment may be used. 
20 Provided in the invention are polynucleotides 

comprising a segment encoding a Bad epitope or a multiplicity of 
Bad epitopes. Preferred Bad epitopes are: 

-GTPKQPSLAPAHAL-; -RKSDPGIRSLGSDA- ; -RWRPAAQSMFQIPEFEP-; 
-EQEDASATDRGLGPSLT- ; -PGPYLAPGLLGSNIHQQ- ; 

2 5 — RAATNSHHGGAGAMETRS - ; -HSS YPAGTEEDEG- ; -EELSPFRGRSRSAPPN- ; 

-WAAQRYGRELRRMSDE- ; -SFKGLPRPKSAGTATQM- ; -SAGWTRIIQSWWDRNL- 
-PPNLWAAQRYGRELRRMSDEFEG- and -GWTRIIQSWWDRNLGK- . 
Polynucleotides encoding epitopes having substantial identity to 
these preferred epitopes are often employed. Such 
30 polynucleotides have a variety of uses, including as Bad probes, 
as templates for producing polypeptides comprising a Bad epitope 
whereby such proteins are Bad immunogens or commercial diagnostic 
reagents for standardizing a Bad immunoassay, as polynucleotide 
vaccines (immunogens) when fused to a secretory sequence for 

3 5~ administering to art v ariimail and making a-Bad artiTisdra and 

hybridomas; such polynucleotides can also be used as foodstuffs, 
combustible energy sources, and viscosity-enhancing solutes. 
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In one aspect, the invention provides a Bad 
polynucleotide (e.g.; as a primer or probe) affixed to a solid 
substrate, typically wherein the solid substrate has a plurality 
of polynucleotide species affixed thereto, in a spatially defined 
5 array whereby each cell typically contains a single 
polynucleotide species, with the array often comprising in excess 
of 1000 distinct polynucleotide species. The Bad polynucleotide 
is typically affixed by covalent linkage to the solid substrate. 
The solid substrate constitutes an array of polynucleotide probes 

10 and/or primers, aherein at least one member of the array is a Bad 
polynucleotide. Generally, the solid substrate will be less than 
10 cm 3 and comprise at least 1024 positionally distinct 
polynucleotide species, at least one of which is a Bad 
polynucleotide. Such polynucleotides arrays on solid substrates 

15 (e.g., a. polysilicon wafer) can be used for genotype 
determination, disease detection and diagnosis, therapeutic 
efficacy monitoring, forensic identification, or for sequencing 
(e.g., of a pool containing unknown polynucleotides; for 
sequencing a mammalian genome or cDNA library) , or other like 

2 0 uses. 

The invention provides a diagnostic kit for detecting 
a pathological condition, such as cancer, wherein the kit 
contains at least one Bad polynucleotide. 

~ The invention provides a gene therapy method and 

2 5 compositions therefor, comprising a Bad polynucleotide, which can 

often be operably linked to polynucleotide sequences to drive 
expression (e.g., promoter, enhancer, etc.) or other components 
of a gene therapy vector or homologous recombination construct, 
according to method and materials known in the art. One 

3 0 variation comprises a Bad polynucleotide in a viral vector for 

gene therapy. A variation employs a Bad polynucleotide in a gene 
thetapy delivery formulation (e.g., comprising cationic or 
neutral lipids, poly lysine, polyarginine, or other delivery- 
enhancing vehicle) ; the Bad polynucleotide may be formulated with 
3 5 other polynucleotides for therapeutic benefit. 

The invention also provides the use of a Bad 
polynucleotide to diagnose and/or treat disease, or to identify 
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an individual based, in part, on their Bad genotype as defined 
by a allele-specif ic restriction site pattern or nucleotide 
sequence, or abundance of Bad mRNA transcripts or RNA splicing 
pattern variation. 
5 The invention provides for the use of Bad polypeptides, 

Bad polynucleotides, and sequences thereof, for diagnosis and 
treatment of disease, for screening compound banks to identify 
candidate pharmaceutical agents, and for development of 
transgenic or knockout mice having an altered Bad genotype. 

10 

Automated Sequencing System 
The invention, which includes disclosure of a mamalian 
Bad cDNA sequence, provides for the sequencing of a Bad 
polynucleotide, such as sequencing in an automated sequencing 

15 apparatus; such sequencing may comprise determination of 
sequences of other cDNA . or gene sequences, such as from 
sequencing a pool of polynucleotide species, and usually 
comprises determination of the sequence (s) of the polynucleotide 
species, including Bad, if present, and generally involves 

20 analysis of the Bad sequence (s) and/or their abundance in the 
polynucleotide pool. The present invention allows the 

identification of Bad polynucleotide sequences in such automated 
sequencing methods, including sequence variants of Bad and 
natural ly-occuring and/or pathological Bad alleles and sequences 

2 5 thereof. 

Computer System for Comparison of Bad Sequences 

The invention also provides for the storage and 
retreival of Bad polynucleotide and/ or polypeptide sequences in 

30 a computer data storage apparatus, which can include magnetic 
disks, optical disks, magneto-optical disks, DRAM, SRAM, SGRAM, 
SDRAM; magnetic bubble memory devices, and other data storage 
devices, including CPU registers and on-CPU data storage arrays. 
Typically, the Bad polynucleotide and/or polypeptide sequences 

35 are stored as a bit pattern in an array of magnetic domains on 
a magnetizable medium or as an array of charge states or 
transistor gate states, such as an array of cells in a DRAM 
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device (e.g., each cell comprised of a transistor and a charge 
storage area, which may be on said transistor) . The invention 
provides such storage devices , and computer systems built 
therewith, comprising a bit pattern encoding a Bad polypeptide 
or polynucleotide segeunce of at least 30 nucleotides or at least 
8 amino acids. The invention provides a method for identifying 
related polynucleotide or polypeptide sequences, comprising 
performing a computerized comparison between a Sad sequence 
stored in or retreived from a computer storage device or database 
and at least one other sequence; such comparison can comprise a 
sequence analysis or comparison algorithm or computer program 
embodiment thereof (e.g., FASTA , TFASTA, GAP, BESTFIT) and/ or the 
comparison may be of the relative amount of Bad sequences in a 
pool of sequences determined from a polynucleotide sample of a 
specimen. The invention provides a computer system comprising 
a storage device having a bit pattern encoding a Bad polypeptide 
or polynucleotide sequence of at least 30 nucleotides or at least 
8 amino acids of a Bad sequence as shown in Figs. 1, 2(a) , 2(b) , 
or Fig. 18, and a program for sequence alignment and comparison. 
The invention also provides a magnetic disk, such as an IBM- 
compatible (DOS, Windows, Windows9 5, Windows NT, OS/2) or other 
format (e.g., Linux, SunOS, Solaris, AIX, SCO Unix, VMS, MV, 
Macintosh, etc.) floppy diskette or hard (fixed, Winchester) disk 
drive, comprising a bit pattern encoding a Bad sequence; often 
the disk will comprise at least one other bit pattern encoding 
a polynucleotide and/or polypeptide sequence other than a Bad 
sequence, typically in a file format suitable for retreival and 
processing in a computerized sequence analysis, comparison, or 
relative quantitation method. The invention also provides a 
network, comprising a plurality of computing devices linked via 
a data link, such as an Ethernet cable (coax or lOBaseT) , 
telephone line, ISDN line, wireless network, or other suitable 
signal tranmission medium, whereby at least one network device 
(e.g., computer, disk array, etc.) comprises a pattern of 
magnetic domains (e.g., mdgnfetic disk) and/or charge domains 
(e.g., an array of DRAM cells) composing a bit pattern encoding 
a Bad polynucleotide or Bad polypeptide sequence. The invention 
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also provides a method for transmitting a Bad polynucleotide or 
polypeptide sequence, comprising generating an electronic signal 
on an electronic communications device, such as a modem, ISDN 
terminal adapter, or the like, whereby said signal comprises (in 
5 native or encrypted format) a bit pattern encoding a Bad 
polypeptide or polynucleotide sequence of at least 8 amino acids 
or 3 0 nucleotides , respectively . 

Fig. 16 shows a block diagram of a computer system for 
comparing a query polypeptide sequence or query polynucleotide 

10 sequence to a database containing Bad sequences and other 
polynucleotide or polypeptide sequences and ranking database 
sequences based on the degree of sequence identity and gap weight 
to query sequence. A central processor 10 is initialized to load 
and execute computer program 25 for alignment and/ or comparison 

15 of amino acid sequences or nucleotide sequences. A query 
sequence comprising at least 8 amino acids or 3 0 nucleotides is 
entered into the central processor 10 via I/O device 30. 
Execution of computer program 25 results in central processor 10 
retreiving sequence data from data file 20, which comprises a 

2 0 binary description of a Bad polynucleotide or polypeptide 

sequence. Said sequence data and said computer program can be 
transferred to secondary memory 11, which is typically random 
access memory (e.g., ORAM, SRAM, SGRAM, or SDRAM) . Sequences are 
ranked according to the degree of sequence identity to the query 

25 sequence and results are output via an I/O device 30. For 
example and not to limit the invention, a central processor 10 
can be a conventional computer (e.g., Intel Pentium, PowerPC, 
Alpha, PA-8000, SPARC, MIPS 4400, MIPS 10000, VAX, etc.); a 
program 2 5 can be a commercial or public domain molecular biology 

30 software package (e.g. , UWGCG Sequence Analysis Software, Darwin, 
blastn) ; a data file 20 can be an optical or magnetic disk, a 
data server, a memory device (e.g., DRAM, SRAM, SGRAM, SDRAM, 
EPROM, bubble memory, flash memory, etc.); an I/O device 30 can 
be a terminal comprising a video display and a keyboard, a modem, 

3 5 an ISDN terminal adapter, an Ethernet port , a punched card^ v 

reader, a magnetic strip reader, or other suitable I/O device. 
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Figure 17 shows a flow diagram of program for comparing 
query polypeptide sequence(s) or query polynucleotide sequence (s) 
to a database containing a Bad sequence and other polynucleotide 
or polypeptide sequences and ranking database sequences based on 
5 the degree of sequence identity and gap weight to query sequence. 
Initial step 4 0 is input of a query polynucleotide or polypeptide 
sequence via n I/O device. A data file is accessed in step 41 
to retreive a sequence collection for comparison; said sequence 
collection must include at least one full-length mammalian Bad 
10 polynucleotide or polypeptide sequence. Individually or 

collectively sequences of the sequence collection are optimally 
aligned to the query sequence (s) in step 42, such as by the 
algorithm of Needleman and Wunsch or the algorithm of Smith and 
Waterman or other suitable algorithm. Once aligned, the 
15 percentage of sequence similarity is computed in step 43 for each 
aligned sequence to generate a similarity value for each sequence 
in the sequence collection as compared to the query sequence (s) . 
Sequences are ranked in order of greatest sequence identity to 
the query sequence in step 44 , and the relative ranking of the 

2 0 Bad sequence is thus generated. A determination is made in step 

45: if more sequences exist in the data file, the additional 
sequences or a subset thereof are retreived in step 4 6 and the 
process is iterated beginning at step 42; if no additional 
sequences exist in the data file, the rank ordered sequences are 
25 output in step 47 via an I/O device, thereby displaying the 
relative ranking of Bad among the sequences of the data file 
optimally aligned and compared to the query sequence (s) . 

The invention also provides the use of a computer 
system described above, which comprises: (1) a computer, (2) a 

3 0 stored bit pattern encoding a full-length Bad polynucleotide cDNA 

or gene sequence or full-length Bad polypeptide sequence, which 
may be located in said computer, (3) a comparison sequence, such 
as a query sequence or a data file sequence other than a Bad 
sequence, and (4) a program for alignment and comparison of 
35 sequence identity, typically with rank-ordering of comparison* * 
results on the basis of computed similarity values. The computer 
system and methods described permit the identification of the 
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relative sequence relationship of a full-length Bad sequence to 
a query sequence (s) and/or to a collection of datafile sequences. 

The invention also provides a method for identifying 
a polynucleotide sequence encoding all or a portion of a protein 
5 which functions in control of apotosis and/or neoplasia. The 
method comprises operation of the computer system described above 
to identify polynucleotide and polypeptide sequences in a 
datafile or query seqeunce which are at least 50% identical to 
Bad, preferably at least 75% identical to Bad in the case of 
10 polynucleotides, and thereby identifying said sequences in a 
datafile or query sequence which functions in control of apotosis 
and/or neoplasia in a cell. 

Isolation of the Cognate Human Bad Gene 
15 The human homolog of the murine Bad gene or cDNA is 

identified and isolated by screening a human genomic or cDNA 
clone library , such as a human genomic or cDNA library in yeast 
artificial chromosomes, cosmids, or bacteriophage X (e.g., X 
Charon 35) , with a polynucleotide probe comprising a sequence of 
20 about at least 24 contiguous nucleotides (or their complement) 
of the cDNA sequence shown in Fig. 1 or Fig. 2 "(b)". Typically, 
hybridization and washing conditions are performed at high 
stringency according to conventional hybridization procedures . 
Positive clones are isolated and sequenced. For illustration and 

2 5 not for limitation, a full-length polynucleotide corresponding 

to the sequence of Fig. 1 or Fig. 2(b) may be labeled and used 
as a hybridization probe to isolate genomic clones from a human 
or murine genomic clone library in XEMBL4 or XGEM11 (Promega 
Corporation, Madison, Wisconsin) ; typical hybridization 

3 0 conditions for screening plaque lifts (Benton and Davis (1978) 

Science 196 : 180) can be: 50% formamide, 5 x SSC or SSFE, 1-5 x 
Denhardt's solution, 0.1-1% SDS, 100-200 /xg sheared heterologous 
DNA or tRNA, 0-10% dextran sulfate, 1 xlO 5 to 1 x 10 7 cpm/ml of 
denatured probe with a specific activity of about 1 x 10 8 cpm/^g, 
35 and incubation at 42°C-37°C for about 6-36 hour's V" 
Prehybridization conditions are essentially identical except that 
probe is not included and incubation time is typically reduced. 
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Washing conditions are typically 1-3 x SSC , 0.1-1% SDS, 50-70°C 
with change of wash solution at about 5-30 minutes. For 
isolating human Bad polynucleotides with a mouse Bad 
polynucleotide probe, it is often preferred to hybridize at 
5 approximately 39 °C and to wash sequentially at the following step 
temperatures: room temperature, 37°c, 39°C, 42°C / 45°c, 50°C, 
55°C, 60°C, 65 6 C, and 70°C, stopping after each step and 
monitoring the background probe signal (and optionally detecting 
signal by autoradiogram and/or phosphor imaging, if radiolabeled 
10 probe is used) and terminating the washing steps when suitable 
signal/noise ratio is achieved, as determined empirically. 

Human and other non-mouse Bad cDNAs and genomic clones 
(i.e., cognate human and nonhuman genes) can be analogously 
isolated from various human or nonhuman cDNA and genomic clone 
15 libraries available in the art (e.g., Clontech, Palo Alto, CA) 
by using probes based on the sequences shown in Fig. 1 or Fig. 
2(a) and 2(b), with hybridization and washing conditions 
typically being less stringent than for isolation of mouse Bad 
clones. 

20 Polynucleotides comprising sequences of approximately 

at least 3 0-50 nucleotides, preferably at least 100 nucleotides, 
corresponding to or complementary to the nucleotide sequences 
shown in Fig. l or Fig. 2(b) can serve as PCR primers and/or 
hybridization probes for identifying and isolating germline genes 

2 5 corresponding to Bad. These germline genes may be human or may 
be from a related mammalian species, preferably rodents or 
primates. Such germline genes may be isolated by various methods 
conventional in the art, including, but not limited to, by 
hybridization screening of genomic libraries in bacteriophage X 

30 or cosmid libraries, or by PCR amplification of genomic sequences 
using primers derived from the sequences shown in Fig. l or Fig. 
2(b)i Human genomic libraries are publicly available or may be 
constructed de novo from human DNA. 

It is apparent to one of skill in the art that 

35' nucleotide substitutions, deletions, and" additions may be 
incorporated into the polynucleotides of the invention. 
Nucleotide sequence variation may result from sequence 
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polymorphisms of various Bad alleles, minor sequencing errors, 
and the like. However, such nucleotide substitutions, deletions, 
and additions should not substantially disrupt the ability of the 
polynucleotide to hybridize to one of the polynucleotide 
5 sequences shown in Fig. 1 or Fig. 2(b) under hybridization 
conditions that are sufficiently stringent to result in specific 
hybridization. 

Specific hybridization is defined herein as the 
formation of hybrids between a probe polynucleotide (e.g., a 
10 polynucleotide of the invention which may include substitutions, 
deletion, and/or additions) and a specific target polynucleotide 
(e.g., a polynucleotide having the sequence in Fig. l or Fig. 
2(b) , wherein the probe preferentially hybridizes to the specific 
target such that, for example, a single band corresponding to one 
15 or more of the RNA species of Bad (or alternatively spliced mRNA 
species) can be identified on a Northern blot of RNA prepared 
from a suitable cell source (e.g., a somatic cell expressing 
Bad) . Polynucleotides of the invention and recombinantly 
produced Bad, and fragments or analogs thereof, may be prepared 

2 0 on the basis of the sequence data provided in Fig. 1 and Fig. 

2(a) and 2(b) according to methods known in the art and described 
in Maniatis et al., Molecular Cloning: A Laboratory Manual , 2nd 
Ed., (1989), Cold Spring Harbor, N.Y. and Berger and Kimmel, 
Methods in Enzymologv. Volume 152. Guide to Molecular Cloning 
25 Techniques (1987), Academic Press, Inc., San Diego, CA. 

Bad polynucleotides may be short oligonucleotides 
(e.g., 20-100 bases long), such as for use as hybridization 
probes and PCR (or LCR) primers. Bad polynucleotide sequences 
may also comprise part of a larger polynucleotide (e.g., a 

3 0 cloning vector comprising a Bad clone) and may be fused, by 

polynucleotide linkage, in frame with another polynucleotide 
sequence encoding a different protein (e.g., glutathione S- 
transferase or £-galactosidase) for encoding expression of a 
fusion protein. Typically, Bad polynucleotides comprise at least 
35 25 consecutive nucleotides which are substantially -identical to 
a naturally-occurring Bad sequence (e.g., Fig. 1), more usually 
Bad polynucleotides comprise at least 50 to 100 consecutive 
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nucleotides which are substantially identical to a naturally- 
occurring Bad sequence. However, it will be recognized by those 
of skill that the minimum length of a Bad polynucleotide required 
for specific hybridization to a Bad target sequence will depend 
on several factors: G/C content, positioning of mismatched bases 
(if any) , degree of uniqueness of the sequence as compared to the 
population of target polynucleotides, and chemical nature of the 
polynucleotide (e.g. , methylphosphonate backbone, polyamide 
nucleic acid, phosphorothiolate, etc.), among others. 

If desired, PCR amplimers for amplifying substantially 
full-length cDNA copies may be selected at the discretion of the 
practitioner. Similarly, amplimers to amplify single Bad exons 
or portions of the Bad gene (murine or human) may be selected. 

Each of these sequences may be used as hybridization 
probes or PCR amplimers to detect the presence of Bad mRNA, for 
example to diagnose a lymphoprolif erative disease characterized 
by the presence of an elevated or reduced Bad mRNA level in 
lymphocytes, or to perform tissue typing (i.e., identify tissues 
characterized by the expression of Bad mRNA) , and the like. The 
sequences may also be used for detecting genomic Bad gene 
sequences in a DNA sample, such as for forensic DNA analysis 
(e.g., by RFLP analysis, PCR product length(s) distribution, 
etc.) or for diagnosis of diseases. characterized by amplification 
and/or rearrangements of the Bad gene. Alternatively, Bad 
polynucleotides can be used as a foodstuff, combustible energy 
source, viscosity-enhancing solute, and the like. In a variation 
of the invention, polynucleotides of the invention are employed 
for diagnosis of pathological conditions or genetic disease that 
involve neoplasia of other medical conditions related to Bad 
function, and more specifically conditions and diseases that 
involve alterations in the structure or abundance of a Bad 
polypeptide. 

For example and not limitation, the following pair of 
oligonucleotide primers can be used to amplify Bad polynucleotide 
sequences (e.gr, cDNA) or as hybridization probes (e.g., fcfiT- 
biotinylated or end-labeled oligonucleotide probes) : 
5 9 -ATAAAGCACGTTTCTCGCGACCTC-3 1 and 
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5'-GGCACGAGCGGACCCCGCCCCCTAG-3 9 • 
Other suitable PCR primers, LCR primers, hybridization probes, 
exon-specif ic hybridization probes and primers, degenerate 
oligonucleotides encoding Bad polypeptide sequences, and the like 
5 are apparent to those of skill in the art in view of Fig. l, Fig. 
2(a) and 2(b), and other Bad sequences which can be obtained 
therewith. 

For example and not limitation, a Bad polynucleotide 
can comprise the sequence: 

10 5 1 -ATGGGAACCCCAAAGCAGCCCTCGCTGGCTCCTGCACACGCCCTAGGCTTGAGGAAGTCC 
GATCCCGGAATCCGGAGCCTGGGGAGCGACGCGGGAGGAAGGCGGTGGAGACCAGCAGCCCAG 
AGTATGTTCCAGATCCCAGAGTTTGAGCCGAGTGAGCAGGAAGACGCTAGTGCTAGAGATAGG 
GGCCTGGGCCCTAGCCTCACTGAGGACCAGCCAGGTCCCTACCTGGCCCCAGGTCTCCTGGGG 
AGCAACATTCATCAGCAGGGACGGGCAGCCACCAACAGTCATCATGGAGGCGCAGGGGCTATG 

15 GAGACTCGGAGTCGCCACAGTTCGTACCCAGCGGGGACCGAGGAGGATGAAGGGATGGAGGAG 
GAGCTTAGCCCTTTTCGAGGACGCTCGCGTTCGGCTCCCCCCAATCTCTGGGCAGCGCAGCGC 
TACGGCCGTGAGCTCCGAAGGATGAGCGATGAGTTTGAGGGTTCCTTCAAGGGACTTCCTCGC 
CCAAAGAGCGCAGGCACTGCAACACAGATGCGACAAAGCGCCGGCTGGACGCGCATTATCCAG 
TCCTGGTGGGATCGAAACTTGGGCAAAGGAGGCTCCACCCCCTCCCAGTGA-3 1 . 

20 Also for example and not limitation, a Bad polynucleotide can 

comprise one or more sequences selected from the group consisting 

of : 5 1 -GGGAACCCCAAAGCAGCCCTCGCTG-3 " ; 

5 1 -CACACGCCCTAGGCTtGAGGAAGTCC-3 1 ; 

5 9 -CGGAATCCGGAGCCTGGGGAGCG-3 » ; 
25 5 • -AGGAAGGCGGTGGAGACCAGCAGCCCAG-3 1 ; 

5 1 -AGTATGTTCCAGATCCCAGAGTTTGAGCC-3 • ; 

5 1 -AGTGAGCAGGAAGACGCTAGTGCTACAGAT-3 1 ; 

5 • -GCCTGGGCCCTAGCCTCACTGAGGAC-3 ■ ; 

5 1 -CAGCCAGGTCCCTACCTGGCCCCAGGTCTC-3 1 ; 
3 0 5 , -GCAACATTCATCAGCAGGGACGGGCAGCCA-3 1 ; 

5 1 -CAACAGTCATCATGGAGGCGCAGGGGCTATG-3 ■ ; 

5 1 — GACTCGG AGTCG CCACAGTTCGTACCCAG — 3 • ; 

5 1 — CGGGGACCGAGGAGGATGAAGGGATGGAGGA-3 1 ; 

5 1 -AGCTTAGCCCTTTTCGAGGACGCTCGCGT-3 ' / 
3 5 5 1 -GTTCGGCTCCCCCCAATCTCTGGGCAGCGCAGCG-3 1 ; 

5 • — ACGGCCGTGAGCTCCGAAGGATGAGCGATG— 3 1 ; 

5 ' — GTTTGAGGGTTCCTTCAAGGGACTTCCTC— 3 1 ; 

5 • -CXAAGAGCGCAGGCACTGCAACACAGATG-3 1 ; • 
5 1 -AGCGCCGGCTGGACGCGCATTATCCAG-3 1 ; 
40 5 1 — GCATTATCCAGTCCTGGTGGGATCGAAACTTG-3 1 ; and 
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i 

5 1 — GGATCGAAACTTGGGCAAAGGAGGCTCCACCCCCTCCCA— 3 f . 
A preferred Bad polynucleotide comprises all of these sequences 
in the given order, with or without spacer polynucleotides 
between the given sequences. Non-coding sequences of a Bad 
5 polynucleotide , such as provided in Fig. l or equivalent non- 
mouse Bad polynucleotide, can also be used. 

For example and not limitation, a Bad polynucleotide 
can comprise the nucleotide sequence shown in Fig. i (SEQ ID NO: 
D • 

10 For example, a human Bad cDNA and/ or genomic clone can 

be identified and isolated from a human cDNA or genomic library, 
respectively, by hybridization of a labeled probe comprising the 
polynucleotide sequence of Fig. 1 and/or Fig. 2(b) or a pool of 
degenerate oligonucleotides encoding a segment of the 
15 polynucleotide sequence shown in Fig. 2(a). Suitable 
hybridization conditions for specific hybridization of these 
labeled probes to the human Bad cDNA or gene can be established 
empirically by performing a series of hybridizations and/or 
washing steps at several temperatures and/or ionic strength 
20 conditions; for example and not limitation, hybridization 
conditions comprising 50% formamide, 5 x SSC or SSPE, 1-5 x 
Denhardt f s solution, 0.1-1% SDS, 100-200 fig sheared heterologous 
DNA or tRNA, 0-10% dextran sulfate, 1 xlO 5 to 1 x 10 7 cpm/ml of 
denatured probe with a specific activity of about 1 x 10 8 cpm/jxg, 
25 and incubation at 42°C-37°C for about 6-36 hours is often a 
suitable initial point. 

A partial sequence of a candidate human Bad cDNA is 
provided in Fig. 18 and is available as . X.M.A.G.E. Consortium 
Clone ID 171560 and accession number H18135 in the NCBI data 
30 file. Sequencing was performed under the direction of R.K. 
Wilson at Washington University School of Medicine pursuant to 
a Washington University-Merck EST project. Data file query with 
the mouse Bad nucleotide sequence identified the candidate 
sequence which was heretofore of unknown , if any, function. 
35 However, the partial huMh 1 sequence likely contains sequencing 
errors, as the open reading frame analogous to the mouse sequence 
shifts at many positions in the human sequence. Nonetheless, the 
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human candidate sequence, or portions thereof, can be used for 
probes to identify full-length human Bad cDNA, to quantitate 
human Bad mRNA in a sample (e.g., for Northern blot, in situ 
hybridization,- or solution hybridization assay) , to detect human 
5 genomic Bad gene sequences, such as RFLP patterns and Bad 
alleles, as PCR or LCR primers to detect and quantify Bad mRNA 
in a sample, as a homology region (s) for constructing a gene 
targeting construct or homologous recombination replacement 
vector, or gene therapy vector, or the like. Thus, the invention 
10 provides the use of the human candidate Bad nucleotide sequence 
of Fig. 18 for identifying and/or guantitating human Bad 
polynucleotides or alleles. 

The 364 nucleotide partial sequence of the candidate 
human Bad mRNA is: 

15 GGGACACAGGCTAAGAGAGTCGAAGGCTCGCTAGACAAGGGGAGAGACAC 
AGAGCTCCGCTGATCATCACTGGACTCTGGATTCCACCAAACCTTTGGAA 
CCTTCCAGCCTCAGGCCTCCACAGCTTCACAGAAACTGGGCCCTGGGGCT 
GTGGAGATCCGGAGTCGCCACAGCTCCTACCCCGCGGGANCGGAGGACGA 
CGAAGGGATGGGGGAGGAGCCCAGCCCCTTTCGGGCCGCCTTCGCCCTCG 

2 0 GGCCNCCCCAACCTCTGGGCAGCACAGCGCTTATGGCCGCGAGCTCCGGA 
GATTGAGTGAACGAGTTTTTGGGATTCTTTAAAGAAGGGATTTCTTGGCC 
CGAAGAGCGCGGGC-3 1 

Examples of probes and primer sequences include, but are not 
limited to: 

25 5 • — GACACAGGCTAAGAGAGTCGAAGGCTCGCTAG— 3 • ; 

5 1 -CTCCGCTGATCATCACTGGACTCTGGATTCC-3 • ; 

5 1 -TCCAGCCTCAGGCCTCCACAGCTTCACAGAA-3 1 ; 

5 ■ -GAGATCCGGAGTCGCCACAGCTCCTACC-3 1 ; 

5 1 -TGAGTGAACGAGTTTTTGGGATTCTTTAAAGAAGG-3 1 ; 
30 and their complementary sequences. 

Bad polynucleotides containing one or more of these 

sequences are provided. The invention also provides a labeled 

candidate human Bad cDNA sequence, and the use of such labeled 

candidate human Bad polynucleotides as probes or primers to 

3 5 detect a Bad gene or Bad RNA species to diagnose a phenotype 

characteristic of cells having elevated or reduced expression of 
Bad, which are more susceptible to_appptosis or more resistant,,* 
to apotosis, respectively; cells having substantially reduced Bad 
mRNA levels are identified as candidate preneoplastic or 

4 0 neoplastic cells. The labeled candidate human Bad 
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polynucleotides can also be used for forensic identification of 
human individuals, such as for paternity testing or 
identification of criminal suspects (e.g., O.J. Simpson) or 
unknown decedents. 
5 Sequence alignment of the mouse Bad polynucleotide 

sequence and the candidate human cDNA sequence (H1813 5) is shown 
in Fig. 19. BAPORF designates the mouse Bad sequence and H1813 5 
designates the human candidate sequence. Fig. 19 demonstrates 
that the region from approximately nucleotide 297 to 
10 approximately nucleotide 450 in the mouse sequence is 
substantially identical to the region from approximately 

nucleotide 139 to nucleotide 297 in the human candidate sequence. 

For example and not limitation, the following sequences are Bad 

polynucleotides having substantial identity to the mouse Bad 
15 sequence: 

5 • -CGGAGTCGCCACAGCTCCTACCCCG-3 • ; 

5 1 — GAGGACGACGAAGGGATGGGGGAGGAGC— 3 • ; 

5 1 -CCCCAACCTCTGGGCAGCACAGCGCT-3 • ; 

5 1 -CAGCGCTTATGGCCGCGAGCTCCGGAG-3 ■ ; 

2 0 and 

5 1 -CTCGGAGTCGCCACAGTTCGTACCC-3 1 ; 

5 1 — GAGGAGGATGAAGGGATGGAGGAGGAGC— 3 • ; and 

5 1 -CCCCAATCTCTGGGCAGCGCAGCGCT-3 • , 

25 Transgenic Animal Embodiments 

Genomic clones of Bad, particularly of the murine Bad 
gene, may be used to construct homologous targeting constructs 
for generating cells and transgenic nonhuman animals having at 
least one functionally disrupted Bad allele. Guidance for 

3 0 construction of homologous targeting constructs may be found in 

the art, including: Rahemtulla et al. (1991) Nature 353 : 180; 
Jasin et al. (1990) Genes Devel. 4: 157; Koh et al . (1992) 
Science 256: 1210; Molina et al. (1992) Nature 357 : 161; Grusby 
et al. (1991) Science 253 : 1417; Bradley et al. (1992) 
35 Bio/Technoloav 10; 534) . Homologous targeting can be used to 
generate so-called "knockout" mice, which are heterozygous or 
homozygous for an inactivated Lyar allele. Such mice may be sold 
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commercially as research animals for investigation of immune 
system development, neoplasia, spermatogenesis, may be used as 
pets, may be used for animal protein (foodstuff), and other uses. 

Chimeric targeted mice are derived according to Hogan, 
5 et ah / Manipulating th e Mouse Embryo: A Laboratory Manual f cold 
Spring Harbor Laboratory (1988) and Teratocarcinomas anrf 
Embryonic Stem Cells: A Practical Approach , E.J. Robertson, ed. , 
IRL Press, Washington, D.C., (1987). Embryonic stem cells are 
manipulated according to published procedures f Teratocarcinomas 
10 and Embryonic Stem Cells: A Practical Approach , e.J. Robertson, 
ed., IRL Press, Washington, D.C. (1987); Zjilstra et al. (1989) 
Nature 342^:435; and Schwartzberg et al. (1989) Science 246 : 799) . 

Additionally, a Bad cDNA or genomic gene copy may be 
used to construct transgenes for expressing Bad polypeptides at 
15 high levels and/ or under the transcriptional control of 
transcription control sequences which do not naturally occur 
adjacent to the Bad gene. For example but not limitation, a 
constitutive promoter (e.g. , a HSV-t/r or pgk promoter) or a cell- 
lineage specific transcriptional regulatory sequence (e.g., a CD4 
20 or CD8 gene promoter/ enhancer) may be operably linked to a Bad- 
encoding polynucleotide sequence to form a transgene (typically 
in combination with a selectable marker such as a neo gene 
expression cassette) . Such transgenes can be introduced into 
cells (e.g., ES cells, hematopoietic stem cells) and transgenic 
25 cells and transgenic nonhuman animals may be obtained according 
to conventional methods. Transgenic cells and/or transgenic 
nonhuman animals may be used to screen for antineoplastic agents 
and/ or to screen for potential carcinogens, as overexpression of 
Lyar or inappropriate expression of Bad may result in a 
3 0 preneoplastic or neoplastic state. 

Antisense Polynucleotides 
Additional embodiments directed to modulation of neoplasia 
or apoptosis include methods that employ specific antisense 
3 5 polynucleotides complementary to all or part of the sequences 
shown in Fig. 1 or Fig. 2(b) or a cognate mammalian Bad sequence. 
Such complementary antisense polynucleotides may include 
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nucleotide substitutions, additions, deletions, or 
transpositions, so long as specific hybridization to the relevant 
target sequence corresponding to Fig. 1 or Fig. 2(b) is retained 
as a functional property of the polynucleotide. Complementary 
5 antisense polynucleotides include soluble antisense RNA or DNA 
oligonucleotides which can hybridize specifically to Bad mRNA 
species and prevent transcription of the mRNA species and/ or 
translation of the encoded polypeptide (Ching et al. (1989) Proc. 
Natl. Acad, Sci. U.S.A. 86 : 10006; Broder et al. (1990) Ann. Int. 

10 Med . 113 ; 604; Loreau et al. (1990) FEBS Letters 274 : 53; 
Holcenberg et al., W091/11535; U.S. S.N. 07/530,165; WO91/09865; 
WO91/04753; WO90/13641; and EP 386563). The antisense 

polynucleotides therefore inhibit production of Bad polypeptides. 
Antisense polynucleotides that prevent transcription and/ or 

15 translation of mRNA corresponding to Bad polypeptides may inhibit 
apoptosis, senescence, AIDS, and the like, and/or reverse the 
transformed phenotype of cells. Antisense polynucleotides of 
various lengths may be produced , although such antisense 
polynucleotides typically comprise a sequence of about at least 

2 0 25 consecutive nucleotides which are substantially identical to 

a naturally-occurring Bad polynucleotide sequence, and typically 
which are identical to a sequence shown in Fig. 1 or Fig. 2(b) 
or a Bad sequence disclosed herein. 

Antisense polynucleotides may be produced from a 
25 heterologous expression cassette in a transfectant cell or 
transgenic cell, such as a transgenic pluripotent hematopoietic 
stem cell used to reconstitute all or part of the hematopoietic 
stem cell population of an individual. Alternatively, the 
antisense polynucleotides may comprise soluble oligonucleotides 

3 0 that are administered to the external milieu, either in the 

culture medium, in vitro or in the circulatory system or 
interstitial fluid in vivo . Soluble antisense polynucleotides 
present in the external milieu have been shown to gain access to 
the cytoplasm and inhibit translation of specific mRNA species. 
3 5 In some embodiments the antisense -polynucleotides- comprise «* 
methylphosphonate moieties. For general methods relating to 
antisense polynucleotides, see Antisense RNA and DNA , (1988) , 
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D.A. Melton, Ed. , Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY) . 

Production of Bax Polypeptides 
5 The nucleotide and amino acid sequences shown in Fig. l and 

Fig. 2(a) and 2(b) enable those of skill in the art to produce 
polypeptides corresponding to all or part of the full-length Bad 
polypeptide sequences. Such polypeptides may be produced in 
prokaryotic or eukaryotic host cells by expression of 
10 polynucleotides encoding Bad, or fragments and analogs thereof. 
Alternatively, such polypeptides may be synthesized by chemical 
methods or produced . by in vitro translation systems using a 
polynucleotide template to direct translation. Methods for 
expression of heterologous proteins in recombinant hosts, 
15 chemical synthesis of polypeptides, and in vitro translation are 
well known in the art and are described further in Maniatis et 
al., Molecular Cloning; A Laboratory Manual (1989), 2nd Ed. , Cold 
Spring Harbor, N.Y. and Berger and Kimmel, Methods in Enzvmoloav. 

Volume 152 , Guide to Mole cular Cloning Techniques (1987), 

20 Academic Press, Inc., San Diego, CA. Fragments or analogs of 
Bad may be prepared by those of skill in the art. Preferred 
amino- and carboxy-termini of fragments or analogs of Bad occur 
near boundaries of functional domains. For example, but not for 
limitation, such functional domains include domains conferring 
25 the property of binding to a bcl-2 or bcl-x L polypeptide, and/or 
(2) conserved domains (e.g. BH1 and BH2) . 

One method by which structural and functional domains 
may be identified is by comparison of the nucleotide and/or amino 
acid sequence data shown in Figs. 1 and 2(a) to public or 
30 proprietary sequence databases. Preferably, computerized 
comparison methods are used to identify sequence motifs or 
predicted protein conformation domains that occur in other 
proteins of known structure and/ or function, such as domain I 
(BH1) and domain II (BH2) . For example, the NAD-binding domains 
35 of dehydrogenases , particularly "lactate dehydrogenase and malate 
dehydrogenase, are similar in conformation and have amino . acid 
sequences that are detectably homologous ( Proteins . Structures 
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and Molecular Principles . (1984) Creighton (ed.), W.H. Freeman 
and Company, New York) . Further, a method to identify protein 
sequences that fold into a known three-dimensional structure are 
known (Bowie et al. (1991) Science 253 : 1641 . Thus, the foregoing 
5 examples demonstrate that those of skill in the art can recognize 
sequence motifs and structural conformations that may be used to 
define structural and functional domains in the Bad sequences of 
the invention. 

Additionally, computerized comparison of sequences 

10 shown in Fig. 1 or Fig. 2(a) and 2(b) to existing sequence 
databases can identify sequence motifs and structural 
conformations found in other proteins or coding sequences that 
indicate similar domains of the Bad protein. For example but not 
for limitation, the programs GAP, BESTFIT, FASTA, and TFASTA in 

15 the Wisconsin Genetics Software Package (Genetics Computer Group, 
575 Science Dr. , Madison, WI) can be used to identify sequences 
in databases, such as GenBank/EMBL, that have regions of homology 
with a Bad sequences. Such homologous regions are candidate 
structural or functional domains. Alternatively, other 

2 0 algorithms are provided for identifying such domains from 

sequence data. Further, neural network methods, whether 
implemented in hardware or software,, may be used to: (1) identify 
related protein sequences and nucleotide sequences, and (2) 
define structural or functional domains in Bad polypeptides 
25 (Brunak et al. (1991) J. Mol. Biol. 220 : 49). 

Fragments or analogs comprising substantially one or 
more functional domain may be fused to heterologous polypeptide 
sequences, wherein the resultant fusion protein exhibits the 
functional property (ies) conferred by the Bad fragment. 

3 0 Alternatively, Bad polypeptides wherein one or more functional 

domain have been deleted will exhibit a loss of the property 
normally conferred by the missing fragment. 

By way of example and not limitation, the domain (s) 
conferring the property of binding to bcl-2 and/ or bcl-x L may be 
35 fused to /J-galactosidase to produce a fusion protein that can 
bind an immobilized jbcl-2 and/or bcl-x L polypeptide in a binding 
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reaction and which can enzymatically convert a chromogenic 
substrate to a chromophore. 

Although one class of preferred embodiments are fragments 
having amino- and/or carboxy-termini corresponding to amino acid 
5 positions near functional domains borders, alternative Bad 
fragments may be prepared. The choice of the amino- and carboxy- 
termini of such fragments rests with the discretion of the 
practitioner and will be made based on experimental 
considerations such as ease of construction , stability to 
10 proteolysis, thermal stability, immunological reactivity, amino- 
or carboxyl -terminal residue modification, or other 
considerations. 

In addition to fragments, analogs of Bad can be made. Such 
analogs may include one or more deletions or additions of amino 
15 acid sequence, either at the amino- or carboxy-termini , or 
internally, or both; analogs may further include sequence 
transpositions. Analogs may also comprise amino acid 

substitutions , preferably conservative substitutions . 
Additionally, analogs may include heterologous sequences 

2 0 generally linked at the amino- or car boxy- terminus , wherein the 

heterologous sequence (s) confer a functional property to the 
resultant analog which is not indigenous to the native Bad 
protein. However, Bad analogs must comprise a segment of 25 
amino acids that has substantial similarity to a portion of the 
25 amino acid sequences shown in Fig. 1 or Fig. 2(a) or. other 
mammalian Bad proteins, respectively, and which has at least one 
of the requisite functional properties (i.e., forms heterodimers 
with Jbcl-2 and/or forms homodimers with bcl-x L . Preferred amino 
acid substitutions are those which: (1) reduce susceptibility to 

3 0 proteolysis, (2) reduce susceptibility to oxidation, (3) alter 

post-translational modification of the analog, possibly including 
phosphorylation, and (4) confer or modify other physicochemical 
or functional properties of such analogs. Bad analogs include 
various mute ins of a Bad sequence other than the natural ly- 
3 5 occurring peptide sequence. For example, single or multiple 
amino acid substitutions (preferably conservative amino acid 
substitutions) may be made in the naturally-occurring Bad 
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sequence (preferably in the portion of the polypeptide outside 
domains I and II) . 

Conservative amino acid substitution is a substitution of 
an amino acid by a replacement amino acid which has similar 
5 characteristics (e.g., those with acidic properties: Asp and 
Glu) . A conservative (or synonymous) amino acid substitution 
should not substantially change the structural characteristics 
of the parent sequence (e.g., a replacement amino acid should not 
tend to break a helix that occurs in the parent sequence, or 
10 disrupt other types of secondary structure that characterizes the 
parent sequence) . Examples of art-recognized polypeptide 
secondary and tertiary structures are described in Proteins r 
Structures and Molecular Principles . (1984) Creighton (ed.)# W.H. 
Freeman and Company, New York; Introduction to Protein 
15 Structure . (1991), C. Branden and J. Tooze, Garland Publishing, 
New York, NY; and Thornton et al. (1991) Nature 354 : 105). 

Similarly, full-length JbcI-2 polypeptides and fragments, 
analogs, and/or fusions thereof can be made by those of skill in 
the art from the available Jbc2-2 gene, cDNA, and protein 
20 sequences (e.g., GenBank) . A preferred Jbcl-2 polypeptide 
comprises: 

— MAHAGRTG Y DNRE I VMK Y I H YKLS QRG Y EWD AGD VG AAPP GAAP 
\ APG I F S S Q PGHTPHPAASRDP VARTSPLQTPAAPG AAAGP ALS P 
VPPWHLALRQAGDDFSRRYRGDFAEMSSQLHLTPFTARGRFAT 

2 5 WEELFRDGVNWGRIVAFFEFGGVMCVESVNREMSPLVDNIALW 

MTEYLNRHLHTWIQDNGGWDAFVELYGPSMRPLFDFSWLSLKTL 
LSIALVGACITLGAYLSHK- 

or 

3 0 

-MAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDVGAAPPGAAP 
APGIFSSQPGHTPHPAASRDPVARTSPLQTPAAPGAAAGPALSP 
VPPWHLALRQAGDDFSRRYRGDFAEMSSQLHLTPFTARGRFAT 
WEELFRDGVNWGRIVAFFEFGGVMCVESVNREMSPLVDNIALW 
3 5 MTEYLNRHLHTWIQDNGGWVGASGDVSLG- 

Methods used to produce Bad polynucleotides and 

polypeptides can also be modified by those of skill in the art 

to produce bcl-2 and bcl-x L polypeptides. For example, a 

sequence, o£ a. human Jbcl-2 a prpteyln is: 

40 

MAHAGRTG Y DNRE I VMK Y I H YKLS QRG Y EWDAGDVG AAPPG AAP 
APGIFSSQPGHTPHPAASRDPVARTSPLQTPAAPGAAAGPALSP 
VPPWHLALRQAGDDFSRRYRGDFAEMSSQLHLTPFTARGRFAT 
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WEELFRDGVNWGRIVAFFEFGGVMCVESVNREMSPLVDNIALW 
MTEYLNRHLHTWIQDNGGWDAFVELYGPSMRPLFDFSWLSLKTL 
LS LAL VG AC I TLG A YLSHK . 

A sequence of a human bcl-2 /8 protein is: 

MAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDVGAAPPGAAP 
APGIFSSQPGHTPHPAASRDPVARTSPLQTPAAPGAAAGPALSP 
VPPWHLALRQAGDDFSRRYRGDFAEMSSQLHLTPFTARGRFAT 
WEELFRDGVNWGRIVAFFEFGGVMCVESVNREMSPLVDNIALW 
MT E Y LNRHLHT WI Q DNGGWVG A SG D VS L»G . 

Similarly, full-length bcl-x** polypeptides and 
fragments, analogs, and/ or fusions thereof can be made by those 
of skill in the art from the available bcl-x 1, gene, cDNA, and 
protein sequences (e.g., GenBank) . A preferred bcl-x 1 " 

polypeptide comprises: 

-MSQSNRELWDFLSYKLSQKGYSWSQFSDVEENRTEAPEGTESEMETPSAINGNPSWHLADS 
PAVNGATGHSSSLDAREVIPMAAVKQALREAGDEFEIiRYRRAFSDLTSQLHITPGTAYQSFE 
QVWELFRDGVNWGRIVAFFSFGGALCVESVDKEMQVLVSRIAAWMATYLNDHLEPWIQENG 
GWDTFVELYGNNAAAESRKGQERFNRWFLTGMTVAGWLLGSLFSRK- • 

Fusion proteins of bcl-x 1 * and bcl-2 can be made, such 

as fusions with a GAL4 activation domain or DNA-binding domain, 

and the like. 

Native Bad proteins, fragments thereof, or analogs 
thereof can be used as reagents in binding assays to detect 
binding to JbcI-2 and/or icl-j^ for identifying agents that 
interfere with Bad and/or bcl-2 and/or bcl-x 1, function, said 
agents are thereby identified as candidate drugs which may be 
used, for example, to block apoptosis, to induce apoptosis (e.g., 
to treat lymphocytic leukemias, carcinomas, sarcomas, AIDS, 
neurodegenerative disease, senescence) , and the like. Typically, 
in vitro binding assays that measure binding of Bad to bcl-2 or 
bcl-x 1, employ native Bad that contains domain I and domain II. 
The bcl-2, bcl-x 1, , or Bad polypeptide is typically linked to a 
solid substrate by any of various means known to those of skill 
in the art; such linkage may be noncovalent (e.g., binding to a 
highly charged surface such as Nylon 66) or may be by covalent 
bonding (e.g., typically by chemical linkage). Bad polypeptides 
are typically labeled by incorporation of a radiolabeled amino 
acid or fluorescent label. The labeled Bad polypeptide is 
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contacted with the immobilized bcl-2 , t>cl-x L , or Bad polypeptide 
under aqueous conditions that permit specific binding in control 
binding reactions with a binding affinity of about l x 10 s M" 1 or 
greater (e.g. , 10-250 mM NaCl or KC1 and 5-100 mM Tris HC1 pH 5- 
5 9, usually pH 6-8), generally including Zn +2 and/or Mn +2 and/or 
Mg +2 in the nanomolar to micromolar range (1 nM to 999 /*M) . 
Specificity of binding is typically established by adding 
unlabeled competitor at various concentrations selected at the 
discretion of the practitioner • Examples of unlabeled protein 

10 competitors include, but are not limited to, the following: 
unlabeled Bad polypeptide, bovine serum albumin, and cellular 
protein extracts. Binding reactions wherein one or more agents 
are added are performed in parallel with a control binding 
reaction that does not include an agent. Agents which inhibit 

15 the specific binding of Bad polypeptides to Jbcl-2 polypeptides 
and/or bcl-x L polypeptides, as compared to a control reaction, 
are identified as candidate Bad-modulating drugs . 

Methods used to produce Bax polynucleotides and 
polypeptides can also be modified by those of skill in the art 

20 to produce bcl-2 polypeptides. For example, a sequence of a 

human b c 1 - 2 ce protein is: 

MAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDVGAAPPGAAP 
APG I FS SQPGHTPHP AASRDPVARTS PLQTP AAPGAAAGPALSP 
VPPWHLALRQAGDDFSRRYRGDFAEMSSQLHLTPFTARGRFAT 

2 5 WEELFRDGVNWGRI VAFFEFGGVMCVESVNREMSPLVDNI ALW 

MTEYLNRHLHTWIQDNGGWDAFVELYGPSMRPLFDFSWLSLKTL 
LSLALVGACITLGAYLSHK . 

A sequence of a human jbcl-2 /? protein is: 

MAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDVGAAPPGAAP 

3 0 APGIFSSQPGHTPHPAASRDPVARTSPLQTPAAPGAAAGPALSP 

VPPWHLALRQAGDDFSRRYRGDFAEMSSQLHLTPFTARGRFAT 
WEiELFRDGVNWGRIVAFFEFGGVMCVESVNREMSPLVDNIALW 
MTEYLNRHLHTWIQDNGGWVGASGDVSLG . 

3 5 A preferred bcl-x L polypeptide is: 

MSQSNRELWDFLSYKLSQKGYSWSQFSDVEENRTEAPEGTESEMETPSAINGNPSWHLADS 
PAVNGATGHSSSLDAREVIPMAAVKQALREAGDEFELRYRRAFSDLTSQLHITPGTAYQSFE 
QVVNELFRDGVNWGRIVAFFSFGGALCVESVDKEMQVLVSRIAAWMATYLNDHLEP 
. GWDTEVELYGNNAAAESRKGQERFNRWFLTGMTVAGWLLGSLFSRK . ^,„; r . ; 

4 0 Other bcl-x 1, , Bad, and Jbcl-2 polypeptides can be used. 

Peptidomimetics 
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In addition to Bad, bcl-x L , or 2>cI-2 polypeptides 
consisting only of naturally-occurring amino acids, Bad, bcl-x 1 * , 
or bcl-2 peptidomimetics are also provided. For example, 
peptidomiroetics of the BH1 and/ or BH2 domain of Bad, bcl-x L , or 
5 bcl-2 can be suitable as drugs for inhibition of cell death 
repressor activity (i.e. , to block bcl-2 and/or bcl-x 1, function) . 

Peptide analogs are commonly used in the pharmaceutical 
industry as non-peptide drugs with properties analogous to those 
of the template peptide. These types of non-peptide compound are 
10 termed "peptide mimetics" or •■peptidomimetics" (Fauchere, J. 
(1986) Adv. Drug Res. 15: 29; Veber and Freidinger (1985) TINS 
p. 392; and Evans et.al. (1987) J . Med . Chem 30 ; 1229) and are 
usually developed with the aid of computerized molecular 
modeling. Peptide mimetics that are structurally similar to 
15 therapeutically useful peptides may be used to produce an 
equivalent therapeutic or prophylactic effect. Generally, 
peptidomimetics are structurally similar to a paradigm 
polypeptide (i.e., a polypeptide that has a biological or 
pharmacological activity) , such as human Bad, but have one or 
20 more peptide linkages optionally replaced by a linkage selected 
from the group consisting of: -CH 2 NH-, -CH 2 S-, -CH 2 -CH 2 - , -CH=CH- 
(cis and trans), -COCH 2 -, -CH(OH)CH 2 -, and -CH 2 SO-, by methods 
known in the art and further described in the following 
references: Spatola, A.F. in "Chemistry and Biochemistry of Amino 
25 Acids, Peptides, and Proteins," B. Weinstein, eds. , Marcel 
Dekker, New York, p. 267 (1983); Spatola, A.F., Vega Data (March 
1983), Vol. 1, Issue 3, "Peptide Backbone Modifications" (general 
review); Morley, J.S., Trends Pharm Sci (1980) pp. 463-468 
(general review); Hudson, D. et al., Int J Pept Prot Res (1979) 
30 14:177-185 (-CH 2 NH-, CH 2 CH 2 -) ; Spatola, A.F. et al., Life Sci 
(1986) 38:1243-1249 (-CH 2 -S) ; Hann, M.M. , J Chem Soc Perkin Trans 
I (1982) 307-314 (-CH-CH-, cis and trans) ; Almguist, R.G. et al., 
J Med Chem (1980) 23.: 1392-1398 (-C0CH 2 -) ; Jennings-White, C. et 
al., Tetrahedron Lett (1982) 23:2533 (-COCH 2 -) ; Szelke, M. et 
35 al., European Appln. EP 45665 (1982) CAr 92:39405 (1982) (- 
CH(OH)CH 2 -); Holladay, M.W. et al., Tetrahedron Lett (1983) 
24:4401-4404 (-C (OH) CH 2 -) ; and Hruby, V.J., Life Sci (1982) 
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31:189-199 (-CH 2 -S-) . A particularly preferred non-peptide 
linkage is -CH 2 NH-. Such peptide mimetics may have significant 
advantages over polypeptide embodiments, including, for example: 
more economical production, greater chemical stability, enhanced 
5 pharmacological properties (half -life, absorption, potency, 
efficacy, etc.)/ altered specificity (e.g., a broad-spectrum of 
biological activities) , reduced antigenicity, and others. 
Labeling of peptidomimetics usually involves covalent attachment 
of one or more labels, directly or through a spacer (e.g., an 

10 amide group), to non-interfering position(s) on the 
peptidomimetic that are predicted by quantitative structure- 
activity data and/pr molecular modeling. Such non-interfering 
positions generally are positions that do not form direct 
contacts with the macromolecules (s) to which the peptidomimetic 

15 binds to produce the therapeutic effect. Derivitization (e.g., 
labelling) of peptidomimetics should not substantially interfere 
with the desired biological or pharmacological activity of the 
peptidomimetic. 

Systematic substitution of one or more amino acids of a 

20 consensus sequence with a b-amino acid of the same type (e.g., 
D-lysine in place of L- lysine) may be used to generate more 
stable peptides. In addition, constrained peptides comprising 
a consensus sequence or a substantially identical consensus 
sequence variation may be generated by methods known in the art 

25 (Rizo and Gierasch (1992) Ann. Rev. Biochem. 61: 387); for 
example, by adding internal cysteine residues capable of forming 
intramolecular disulfide bridges which cyclize the peptide. 
Cyclic peptides comprising a sequence of BH1 and/or BH2 
frequently are preferred. 

3 0 Another embodiment involves the formation of bcl-x L and 

Bad mutants wherein the native protein or fragment has at least 
one amino acid deleted or replaced by another amino acid and the 
mutants exhibits altered biological activity from the native 
protein or fragment. 

35 ^ The amino acid' sequences of Bad polypeptides- identified 

herein will enable those of skill in the art to produce 
polypeptides corresponding to Bad peptide sequences and sequence 
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variants thereof. Such polypeptides may be produced in 
prokaryotic or eukaryotic host cells by expression of 
polynucleotides encoding a Bad peptide sequence, frequently as 
part of a larger polypeptide. Alternatively, such peptides may 
5 be synthesized by chemical methods. Methods for expression of 
heterologous proteins in recombinant hosts, chemical synthesis 
of polypeptides, and in vitro translation are well known in the 
art and are described further in Maniatis et al., Molecular 
Cloning: A Laboratory Manual (1989), 2nd Ed., Cold Spring Harbor, 
10 N.Y.; Berger and Kimmel, Methods in Enzvmolocrv, Volume 152. Guide 
to Mole cular Cloning Techniques (1987), Academic Press, Inc., San 
Diego, CA; Merrif ield, J. (1969) J. Am. Chem. Soc. 91 : 501; 
Chaiken I.M. (1981) CRC Crit. Rev. Biochem. 11 : 255; Kaiser et 
al.(1989) Science 243: 187; Merrifield, B. (1986) Science 232 : 
15 342; Kent, S.B.H. (1988) Ann. Rev . Biochem. 57: 957; and Of ford, 
R.E. (1980) Semisynthetic Proteins , Wiley Publishing) . 

Peptides comprising the sequence -PPNLWAAQRYGRELRRMSDEFEG- 
and/or — GWTRI I QSWWDRNTGK- and peptidomimetics thereof can be 
produced, typically by direct chemical synthesis or recombinant 
20 expression, and used as agents to competitively inhibit Bad/bcl-2 
or Bad/bcl-x L heterodimer formation. The peptides are frequently 
produced as modified peptides, with nonpeptide moieties attached 
by covalent linkage to the N-terminus and/ or C-terminus. In 
certain preferred embodiments, either the carboxy-terminus or the 

2 5 amino-terminus, or both, are chemically modified. The most 

common modifications of the terminal amino and carboxyl groups 
are acetylation and amidation, respectively. Amino-terminal 
modifications such as acylation (e.g., acetylation) or alkylation 
(e.g., methylation) and carboxy-terminal modifications such as 

3 0 amidation, as well as other terminal modifications, including 

cyclization, may be incorporated into various embodiments of the 
invention. Certain amino-terminal and/or carboxy-terminal 
modifications and/or peptide extensions to the core sequence can 
provide advantageous physical, chemical, biochemical, and 
35 pharmacological properties, such as: enhanced stability,- 
increased potency and/or efficacy, resistance to serum proteases, 
desirable pharmacokinetic properties, and others. Such peptides 
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or peptidomimetics may be used therapeutically to treat disease 
by altering the process of apoptosis in a cell population of a 
patient. 

Production and Applications of q-Bax Antibodies 
Native Bad proteins, fragments thereof, or analogs thereof, 
may be used to immunize an animal for the production of specific 
antibodies. These antibodies may comprise a polyclonal antiserum 
or may comprise a monoclonal antibody produced by hybridoma 
ceils. For general methods to prepare antibodies, see Antibodies: 
A Laboratory Manual . (1988) E. Harlow and D. Lane, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY. 

For example but not for limitation, a recombinant ly 
produced fragment of Bad can be injected into a mouse along with 
an adjuvant following immunization protocols known to those of 
skill in the art so as to generate an immune response • 
Typically, approximately at least 1^50 tig of a Bad fragment or 
analog is used for the initial immunization, depending upon the 
length of the polypeptide. Alternatively or in combination with 
a recombinant ly produced Bad polypeptide, a chemically 
synthesized peptide having a Bad sequence may be used as an 
immunogen to raise antibodies which bind a Bad protein, such as 
the native Bad polypeptide having the sequence shown essentially 
in Fig. 2(a), a native human Bad polypeptide, a polypeptide 
comprising a Bad epitope, or a Bad fusion protein. 
Immunoglobulins which bind the recombinant fragment with a 
binding affinity of at least 1 x 10 7 M* 1 can be harvested from 
the immunized animal as an antiserum, and may be further purified 
by immunoaf f inity chromatography or other means. Additionally, 
spleen cells are harvested from the immunized animal (typically 
rat or mouse) and fused to myeloma cells to produce a bank of 
antibody-secreting hybridoma* cells. The bank of hybridomas can 
be screened for clones that secrete immunoglobulins which bind 
the recombinant ly-produced Bad polypeptide (or chemically 
synthesized Bad polypeptide) with an affinity of* at least 1 x 10 6 
M" 1 . Animals other than mice and rats may be used to raise 
antibodies; for example, goats, rabbits, sheep, and chickens may 
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also be employed to raise antibodies reactive with a Bad protein. 
Transgenic mice having the capacity to produce substantially 
human antibodies also may be immunized and used for a source of 
a-Bad antiserum and/or for making monoclonal-secreting 
5 hybridomas. 

Bacteriophage antibody display libraries may also be 
screened for binding to a Bad polypeptide ,. such as a full-length 
Bad protein, a Bad fragment, or a fusion protein comprising a Bad 
polypeptide sequence comprising a Bad epitope (generally at least 
10 3-5 contiguous amino acids) . Generally such Bad peptides and the 
fusion protein portions consisting of Bad sequences for screening 
antibody libraries comprise about at least 3 to 5 contiguous 
amino acids of Bad, frequently at least 7 contiguous amino acids 
of Bad, usually comprise at least 10 contiguous amino acids of 
15 Bad, and most usually comprise a Bad sequence of at least 14 
contiguous amino acids as shown in Fig. 1 or Fig. 2(a). 

Combinatorial libraries of antibodies have been 
generated in bacteriophage lambda expression systems which may 
be screened as bacteriophage plaques or as colonies of lysogens 
20 (Huse et al. (1989) Science 246: 1275; Caton and Koprowski (1990) 
Proc. Natl. Acad. Sci. (U.S.A. 1 87: 6450; Mullinax et al (1990) 
Proc. Natl. Acad. Sci. (U.S.A. ) 87 : 8095; Persson et al. (1991) 
Proc. Natl. Acad. Sci. (U.S.A. ) 88. : 2432) . Various embodiments 
of bacteriophage antibody display libraries and lambda phage 
25 expression libraries have been described (Kang et al. (1991) 
Proc. Natl. Acad. Sci. ( U.S.A. ) 88: 4363; Clackson et al. (1991) 
Nature 352 : 624; McCafferty et al. (1990) Nature 348 : 552; Burton 
et al. (1991) Proc. N atl. Acad. Sci. (U.S.A. ) 88 : 10134; 
Hoogenboom et al. (1991) Nucleic Acids Res. 19 : 413 3; Chang et 
30 al. (1991) J. Immunol. 147 : 3610; Breitling et al. (1991) Gene 
104: 147; Marks et al. (1991) J. Mol. Biol. 222 : 581; Barbas et 
al. (1992) Proc. Natl. Acad. Sci. (U.S.A. 1 «q ; 4 457; Hawkins and 
Winter (1992) J. Immunol. 22: 867; Marks et al. (1992) 
Biotechnology 10: 779; Marks et al. (1992) J. Biol. Chem. 267 : 
35 16007; Lowman et al (1991) Biochemistry 30 : 10832; Leaner et al. 
(1992) Science 258: 1313). Typically, a bacteriophage antibody 
display library is screened with a Bad polypeptide that is 
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immobilized (e.g., by covalent linkage to a chromatography resin 
to enrich for reactive phage by affinity chromatography) and/ or 
labeled (e.g., to screen plague or colony lifts). 

Bad polypeptides which are useful as iramunogens , for 
5 diagnostic detection of a-Bad antibodies in a sample, for 
diagnostic detection and quantitation of Bad protein in a sample 
(e.g., by standardized competitive ELISA) , or for screening a 
bacteriophage antibody display library, are suitably obtained in 
substantially pure form, that is, typically about 50 percent 
10 (w/w) or more purity, substantially free of interfering proteins 
and contaminants. Preferably, these polypeptides are isolated 
or synthesized in a. purity of at least 80 percent (w/w) and, more 
preferably, in at least about 95 percent (w/w) purity, being 
substantially free of other proteins of humans, mice, or other 
15 contaminants. 

For some applications of these antibodies, such as 
identifying immunocrossreactive proteins, the desired antiserum 
or monoclonal antibody (ies) is/are not monospecific. In these 
instances, it may be preferable to use a synthetic or recombinant 
2 0 fragment of Bad as an antigen rather than using the entire native 
protein. More specifically, where the object is to identify 
immunocrossreactive polypeptides that comprise a particular 
structural moiety, such as a bcl -2 -binding domain or bcl-jc^- 
binding domain, it is preferable to use as an antigen a fragment 

2 5 corresponding to part or all of a commensurate structural domain 

in the Bad protein, often a BHl or BH2 domain. Production of 
recombinant or synthetic fragments having such defined amino- and 
carboxy-termini is provided by the Bad sequences shown in Fig. 
1 and Fig. 2 (a) . 

3 0 If an antiserum is raised to a Bad fusion polypeptide, 

such as a fusion protein comprising a Bad immunogenic epitope 
fused to /3-galactosidase or glutathione S-transf erase, the 
antiserum is preferably preadsorbed with the non-Bad fusion 
partner (e.g, /3-rgalactosidase or glutathione S-transf erase) to 
35 deplete the antiserum of -antibodies that react (i.e., 
specifically bind to) the non-Bad portion of the fusion protein 
that serves as the immunogen. Monoclonal or polyclonal 
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antibodies which bind to the human and/ or murine Bad protein can 
be used to detect the presence of human or murine Bad 
polypeptides in a sample, such as a Western blot of denatured 
protein (e.g., a nitrocellulose blot of an SDS-PAGE) obtained 
5 from a lymphocyte sample of a patient. Preferably quantitative 
detection is performed, such as by denistometric scanning and 
signal integration of a Western blot. The monoclonal or 
polyclonal antibodies will bind to the denatured Bad epitopes and 
may be identified visually or by other optical means with a 
10 labeled second antibody or labeled Staphylococcus aureus protein 
A by methods known in the art. 

One use of such antibodies is to screen cDNA expression 
libraries, preferably containing cDNA derived from human or 
murine mRNA from various tissues, for identifying clones 
15 containing cDNA inserts which encode structurally-related, 
immunocrossreactive proteins, that are candidate novel Bad 
binding factors or Bad-related proteins. Such screening of cDNA 
expression libraries is well known in the art, and is further 
described in Young et al., Proc. Natl. Acad. Sci. U.S.A. 80:1194- 
20 1198 (1983)) as well as other published sources. Another use of 
such antibodies is to identify and/or purify immunocrossreactive 
proteins that are structurally or evolutionarily related to the 
native Bad protein or to the corresponding Bad fragment (e.g., 
functional domain; jbcl -2 -binding domain; bcl -^-binding domain) 
25 used to generate the antibody. The anti-Bad antibodies of the 
invention can be used to measure levels of Bad protein in a cell 
or cell population, for example in a cell explant (e.g., 
lymphocyte sample) obtained from a patient. When used in 
conjunction with antibodies that specifically bind to bcl-2 or 
30 bcl-x L , the anti-Bad antibodies of the present invention can be 
used to measure the ratio of Bad protein to Jbcl -2 or bcl-x 1, 
protein (i.e., indirectly Baxzbcl-2 ratio or Baxibcl-x 2 * ratio) 
in a cell or cell population. The anti-Bad, anti-2>cl-x x and 
anti-jbd-2 antibodies can be used to measure the corresponding 
35 protein levels (Bad, bcl-x L f or bcl-2, respectively) by various 
methods, including but not limited to: (1) standardized ELISA 
on cell extracts, (2) immunoprecipitation of cell extracts 
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followed by polyacrylamide gel electrophoresis of the 
immunoprecipitated products and quantitative detection of the 
band(s) corresponding to J3ad and/or bcl-2 and/or bcl-x L , and (3) 
in situ detection by immunohistochemical straining with the anti- 
5 Bad and/ or anti-fcd-2 and/ or anti-Jbcl-x 1, antibodies and 
detection with a labeled second antibody. The measurement of the 
Bad: bcl-2 or Bad:bcl-x L ratio in a cell or cell population is 
informative regarding the apoptosis status of the cell or cell 
population. 

10 Various other uses of such antibodies are to diagnose 

and/or stage leukemias or other neoplasms, and for therapeutic 
application (e.g., as cationized antibodies or by targeted 
liposomal delivery) to treat neoplasia, autoimmune disease, AIDS, 
and the like. 

15 An antiserum which can be utilized for this purpose can 

be obtained by conventional procedures. One exemplary procedure 
involves the immunization of a mammal, such as rabbits, which 
induces the formation of polyclonal antibodies against Bad. 
Monoclonal antibodies are also being generated from already 

2 0 immunized hamsters. This antibody can be used to detect the 
presence and level of the Bad protein. 

It is also possible to use the proteins for the 
immunological detection of Bad, bcl-x 1 ' , JbcI-2 and associations 
thereof with standard assays as well as assays using markers, 

2 5 which are radioimmunoassays or enzyme immunoassays. 

The detection and determination of Bad and/or bcl-2 and/or 
bcl-x 1 * has significant diagnostic importance. For example, the 
detection of proteins favoring death effector molecules would be 
advantageous in cancer therapy and controlling hypertrophies and 

3 0 eliminating self reactive clones in autoimmunity. The detection 

or determination of proteins favoring death repressor molecules 
will be beneficial in immunodeficiency disease, including HIV-I, 
II and III, and in neurodegenerative and ischemic cell death. 
Thus these proteins and their antibodies can be employed as a 
3 5 marker to monitor, check or detect the course of disease. 

More particularly, the protein Bad may be used for 
performing immunochemical methods for the detection and 
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determination of the protein or its associated protein bcl-2 and 
bcl-x 1 * , in order to monitor cell growth or to detect or monitor 
the course of diseases. It can also be used as a method for the 
treatment of a neurodegenerative disease, or immunodeficiency, 
5 or an ischemia induced injury such as myocardial infarction and 
neurologic stroke, which comprises; administering an effective 
amount of a compound to a patient to regulate the ratio of bcl-2 
to Bad or bcl-x L to Bad to promote the survival of cells by 
generating an excess of bcl-2 (i.e., an agent which binds to Bad 
10 and prevents it from sequestering bcl-x 1 * or bcl-2) or to promote 
apoptosis and cell death by sequestering bcl-x 1, or bcl-2 and 
thereby increasing the amount of free Bad and/or BadzBad 
homomultimers . 

Cross-linked complexes of Bad:bcl-x L and/or Badzbcl-2 
15 can be used as immunogens, and the resultant antisera preadsorbed 
with Bad, bcl-x 1 -, and JbcI-2 such that the remaining antisera 
comprises antibodies which bind conformational epitopes present 
on the complexes but not the monomers (e.g., complex-specific 
epitopes) . Complex-specific hybridomas and monoclonal antibodies 
20 can be similarly generated. Such antibodies can be used 
diagnostically to detect and quantitate the presence of specific 
complexes and correlate this data with disease or cell type, and 
the like. 

25 Identification and Isolation of Proteins That Bind Bad 

Proteins that bind to Bad and/or a Badzbcl-x 1, complex 
and/or Bad: bcl-2 complex are potentially important regulatory 
proteins. Such proteins may be targets for novel antineoplastic 
agents or anti-inflammatory agents, immunomodulatory agents, and 

3 0 the like. These proteins are referred to herein as accessory 
proteins. Accessory proteins may be isolated by various methods 
known in the art. 

One preferred method of isolating accessory proteins 
is by contacting a Bad polypeptide to an antibody that binds the 

3 5 Bad polypeptide, and isolating resultant immune complexes. These 
immune complexes may contain accessory proteins bound to the Bad 
polypeptide. The accessory proteins may be identified and 
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isolated by denaturing the immune complexes with a denaturing 
agent and, preferably, a reducing agent. The denatured, and 
preferably reduced, proteins can be electrophoresed on a 
polyacrylamide gel. Putative accessory proteins can be 
5 identified on the polyacrylamide gel by one or more of various 
well known methods (e.g., Coomassie staining, Western blotting, 
silver staining, etc.), and isolated by resection of a portion 
of the polyacrylamide gel containing the relevant identified 
polypeptide and elution of the polypeptide from the gel portion. 

10 A putative accessory protein may be identified as an 

accessory protein by demonstration that the protein binds to Bad 
and/or a Bad:bcl-x L complex and/or a Badibcl-2 complex. Such 
binding may be shown in vitro by various means, including, but 
not limited to, binding assays employing a putative accessory 

15 protein that has been renatured subseguent to isolation by a 
polyacrylamide gel electrophoresis method. Alternatively, 
binding assays employing recombinant or chemically synthesized 
putative accessory protein may be used. For example, a putative 
accessory protein may be isolated and all or part of its amino 

2 0 acid sequence determined by chemical sequencing, such as Edman 
degradation. The amino acid sequence information may be used to 
chemically synthesize the putative accessory protein. The amino 
acid sequence may also be used to produce a recombinant putative 
accessory protein by: (1) isolating a cDNA clone encoding the 

2 5 putative accessory protein by screening a cDNA library with 

degenerate oligonucleotide probes according to the amino acid 
sequence data, (2) expressing the cDNA in a host cell, and (3) 
isolating the putative accessory protein. Alternatively, a 
polynucleotide encoding a Bad polypeptide may be constructed by 

3 0 oligonucleotide synthesis, placed in an expression vector, and 

expressed in a host cell. 

Putative accessory proteins that bind Bad and/or Bad 
complexes in vitro are identified as accessory proteins. 
Accessory proteins may also be identified by crosslinking Xn vivo 
35 fc with bifunctional" crosslinking reagents (e.g., 
dimethylsuberimidate, glutaraldehyde, etc.) and subsequent 
isolation of crosslinked products that include a Bad polypeptide. 
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For a general discussion of cross-linking, see Kunkel et al. 
(1981) Mol. Cell. Biochem. 34: 3. Preferably, the bifunctional 
crosslinking reagent will produce crosslinks which may be 
reversed under specific conditions after isolation of the 
crosslinked complex so as to facilitate isolation of the 
accessory protein from the Lyar polypeptide. Isolation of 
crosslinked complexes that include a Lyar polypeptide is 
preferably accomplished by binding an antibody that binds a Bad 
polypeptide with an affinity of at least 1 x 10 7 M" 1 to a 
population of crosslinked complexes and recovering only those 
complexes that bind to the antibody with an affinity of at least 
1 x 10 7 MT 1 . Polypeptides that are crosslinked to a Bad 
polypeptide are identified as accessory proteins. 

Also, an expression library, such as a Xgtll cDNA 
expression library (Dunn et al. (1989) J. Biol, ch^. 264 : 
13057), can be screened with a labelled Bad polypeptide to 
identify cDNAs encoding polypeptides which specifically bind to 
the Bad polypeptide. For these procedures, cDNA libraries 
usually comprise mammalian cDNA populations, typically human, 
mouse, or rat, and may represent cDNA produced from RNA of one 
cell type, tissue, or organ and one or more developmental stage. 
Specific binding for screening cDNA expression libraries is 
usually provided by including one or more blocking agent (e.g., 
albumin, nonfat dry milk solids, etc.) prior to and/or 
concomitant with contacting the labeled Bad polypeptide (and/ or 
labeled anti-Bad antibody) . 

Screening assays can be developed for identifying 
candidate antineoplastic agents as being agents which inhibit 
binding of Bad to an accessory protein under suitable binding 
conditions. 

Yeast Two-Hvbr id Screening Assays 
An approach to identifying polypeptide sequences which 
bind to a predetermined polypeptide sequence has been to use a 
so-called- "two-hybrid" system *> wherein the predetermined 
polypeptide sequence is present in a fusion protein (Chien et al. 
(1991) Proc. Natl. Acad. Sci. fUSAl 88: 9578) . This approach 
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identifies protein-protein interactions in vivo through 
reconstitution of a transcriptional activator (Fields S and Song 
O (1989) Nature 340 : 245) , the yeast Gal4 transcription protein. 
Typically, the method is based on the properties of the yeast 
5 Gal4 protein, which consists of separable domains responsible for 
DNA-binding and transcriptional activation. Polynucleotides 
encoding two hybrid proteins, one consisting of the yeast Gal4 
DNA-binding domain fused to a polypeptide sequence of a known 
protein and the other consisting of the Gal4 activation domain 

10 fused to a polypeptide sequence of a second protein, are 
constructed and introduced into a yeast host cell. 
Intermolecular binding between the two fusion proteins 
reconstitutes the Gal4 DNA-binding domain with the Gal4 
activation domain, which leads to the transcriptional activation 

15 of a reporter gene (e.g., lacZ , HIS3) which is operably linked 
to a Gal4 binding site. Typically, the two-hybrid method is used 
to identify novel polypeptide sequences which interact with a 
known protein (Silver SC and Hunt SW (199 3) Mol. Bi ol. Rep, 12: 
155; Durfee et al. (1993) Genes Devel. 7: 555; Yang et al. (1992) 

20 Science 257 : 680; Luban et al. (1993) Cell 73: 1067; Hardy et al. 

(1992) Genes Devel. 6; 801; Bartel et al. (1993V Biotechnicrues 
14: 920; and Vojtek et al. (1993) Cell 74: 205). However, 
variations of the two-hybrid method have been used to identify 
mutations of a known protein that affect its binding to a second 

25 known protein (Li B and Fields S (1993) FASEB J. 2: 957; Lalo et 
al. (1993) Proc. Natl. Acad. Sci. (USA) 90: 5524; Jackson et al. 

(1993) Mol. Cell. Biol. 13 : 2899; and Madura et al . (1993) 
Biol. Chem. 268 : 1204 6) . Two-hybrid systems have also been used 
to identify interacting structural domains of two known proteins 

30 (Bardwell et al. (1993) wed. Microbiol. 8: 1177; Chakraborty et 
al. (1992) J. Biol. Chem. 267 : 17498; Staudinger et al. (1993) 
J. Biol. Chem. 268 : 4 608; and Milne GT and Weaver DT (1993) Genes 
Devel. 2; 1755) or domains responsible for oligomerization of a 
single protein (Iwabuchi et al. (1993) Oncogene 8; 1693; Bogerd 

35 et al. (19931 J. Virol. 67: 5030). Variations of two-hybrid 
systems have been used to study the in vivo activity of a 
proteolytic enzyme (Dasmahapatra et al. (1992) Proc. Natl. Acad. 
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Sci. (USA) 89: 4159). Alternatively, an E. coli/BCCP interactive 
screening system (Germiho et al. (1993) Proc. Natl. Acad. Sci. 
(U.S.A. ) 90: 933; Guarente L (1993) Proc. Natl. Acad. Sci. 
(U.S.A. ) 90: 163 9) can be used to identify' interacting protein 
sequences (i.e., protein sequences which heterodimerize or form 
higher order heteromultimers) . 

Each of these two-hybrid methods rely upon a positive 
association between two Gal4 fusion proteins thereby 
reconstituting a functional Gal4 transcriptional activator which 
then induces transcription of a reporter gene operably linked to 
a Gal4 binding site. Transcription of the reporter gene produces 
a positive readout, typically manifested either (1) as an enzyme 
activity (e.g., 0-galactosidase) that can be identified by a 
color imetric enzyme assay or (2) as enhanced cell growth on a 
15 defined medium (e.g., HIS3) . A positive readout condition is 
generally identified as one or more of the following detectable 
conditions: (1) an increased transcription rate of a 
predetermined reporter gene, (2) an increased concentration or 
abundance of a polypeptide product encoded by a predetermined 
20 reporter gene, typically such as an enzyme which can be readily 
assayed in vivo. and/or (3) a selectable or otherwise 
identifiable phenotypic change in an organism (e.g., yeast) 
harboring the reverse two-hybrid system. Generally, a selectable 
or otherwise identifiable phenotypic change that characterizes 

2 5 a positive readout condition confers upon the organism either: 

a selective growth advantage on a defined medium, a mating 
phenotype, a characteristic morphology or developmental stage, 
drug resistance, or a detectable enzymatic activity (e.g., 
galactosidase, luciferase, alkaline phosphatase, and the like). 
3 0 Transcriptional activators are proteins that positively 

regulate the expression of specific genes. They can be 
functionally dissected into two structural domains: one region 
that binds to specific DNA sequences and thereby confers 
specificity, and another region termed the activation domain that 

3 5 binds to protein components of the basal gene expression 

machinery (Ma and Ptashne (1988) Cell 55 : 443). These two 
domains need to be physically connected in order to function as 
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a -transcriptional activator. Two-hybrid systems exploit this 
finding by hooking up an isolated DNA binding domain to one 
protein (protein X) , while hooking up the isolated activation 
domain to another protein (protein Y) . When X and Y interact to 
5 a significant extent, the DNA binding and activation domains will 
now be connected and the transcriptional activator function 
reconstituted (Fields and Song (1989) Nature 340 : 245). The 
yeast host strain is engineered so that the reconstituted 
transcriptional activator drives the expression of a specific 

10 reporter gene such as HIS3 or lacZ , which provides the read-out 
for the protein-protein interaction (Field and Song (1989) 
op. cit. ; Chein et al. (1991) op. cit. ) . One advantage of two- 
hybrid systems for monitoring protein-protein interactions is 
their sensitivity in detection of physically weak, but 

15 physiologically important, protein-protein interactions. As such 
it offers a significant advantage over other methods for 
detecting protein-protein interactions (e.g., ELI5A assay) . 

The invention also provides host organisms (typically 
unicellular organisms) which harbor a Bad protein two-hybrid 

20 system, typically in the form of polynucleotides encoding a first 
hybrid protein, a second hybrid protein, and a reporter gene, 
wherein said polynucleotide (s) are either stably replicated or 
introduced for transient expression. In an embodiment, the host 
organism is a yeast cell (e.g. . Saccharomyces cervisiae) and in 

25 which the reporter gene transcriptional regulatory seguence 
comprises a Gal4-responsive promoter. 

Yeast comprising (1) an expression cassette encoding a GAL4 
DNA binding domain (or GALA activator domain) fused to a binding 
fragment of Bad capable of binding to a bcl-x L and/ or bcl-2 

3 0 polypeptide, (2) an expression cassette encoding a GAL4 DNA 
activator domain (or GAL4 binding domain, respectively) fused to 
a member of a cDNA library or a binding fragment of bcl-x L or 
JbcI-2 capable of binding to a Bad polypeptide, and (3) a reporter 
gene (e.g., /3-galactosidase) comprising a cis-linked GAL4 

35 transcriptional* response element can be used for agent screening*- ■ 
Such yeast are incubated with a test agent and expression of the 
reporter gene (e.g. , /8-galactosidase) is determined; the capacity 
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of the agent to inhibit expression of the reporter gene as 
compared to a control culture identifies the agent as a candidate 
Bad modulatory agent. 

Yeast two-hybrid systems may be used to screen a 
5 mammalian (typically human) cDNA expression library, wherein cDNA 
is fused to a GAL4 DNA binding domain or activator domain , and 
either a Bad, bcl-x L , or Jbcl-2 polypeptide sequence is fused to 
a GAL4 activator domain or DNA binding domain, respectively. 
Such a yeast two-hybrid system can screen for cDNAs that encode 
10 proteins which bind to Bad, bcl-x 1, , or Jbcl-2 sequences. For 
example, a cDNA library can be produced from mRNA from a human 
mature B cell (Namalwa) line (Ambrus et al. (1993) Proc. Natl. 

Acad. Sci. (U.S.A. ) ) or other suitable cell type. Such a cDNA 

library cloned in a yeast two-hybrid expression system (Chien et 
15 al. (1991) Proc. Natl. Acad. Sci, ru. S.A.I 88 : 957B1 can be used 
to identify cDNAs which encode proteins that interact with Bad, 
bcl-x L , or Jbcl-2 and thereby produce expression of the GAL4- 
dependent reporter gene. Polypeptides which interact with Bad, 
bcl-x 1, , or bcl-2 can also be identified by immunoprecipitation 
20 of Bad, bcl-x 1 *, or Jbcl-2 with antibody and identification of co- 
precipitating species. Further, polypeptides that bind Bad, bcl- 
x 1 * , or bcl-2 can be identified by screening a peptide library 
(e.g., a bacteriophage peptide display library, a spatially 
defined VLSIPS peptide array, and the like) with a Bad, bcl-x 1 * , 
25 or bcl-2 polypeptide. 

The invention also provides a kit comprising a two- 
hybrid system having (1) a first hybrid protein comprising a Bad 
polypeptide and a transcriptional activator activation domain, 
(2) a second hybrid protein comprising a bcl-x 1, or jbcl-2 
3 0 polypeptide and a transcriptional activator DNA-binding domain, 
a host cell, and an instruction manual. Alternatively, the Bad 
polypeptide may be fused to the DNA-binding domain and the bcl-x 1, 
or bcl-2 polypeptide used to the activation domains. Such kits 
may optionally include a panel of agents for testing for the 
35 'capacity to, alter intermolecular ' binding between the first and 
second hybrid proteins. 
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Methods of Identifying Novel and Apopto s i s -Modu 1 a t ing Agents 
A basis of the present invention is the experimental 
finding that a novel protein, Bad, is present in many cell types 
which undergo apoptosis and Bad binds specifically to bcl-x L and 
5 less avidly to bcl-2, proteins known to modulate (inhibit) 
apoptosis in cells. For example, agents which block Bad function 
and/or block function and/or block bcl-x 1, function may be 

developed as potential human therapeutic drugs. 

Therapeutic agents which inhibit cell death by 
10 modulating Bad function (i.e. , sequestration of bcl-2 and/or bcl- 
x L and enhancement of formation of Bax/Bax homodimers and free 
Bax and/or induction of apoptosis) , for example by augmenting 
formation of bcl-2 /Bax heter omul timers or bcl-x 1, z Bax 
heteromultimers and thereby reducing formation of BaxzBax 
15 homomultimers, or by sequestering bcl-x 1, and/or bcl-2 and 
enhancing the relative amount of unbound Bax and/or BaxzBax 
homomultimers can be used as pharmaceuticals. Such 

pharmaceuticals will be used to treat a variety of human and 
veterinary diseases, such as: reperfusion injury, myocardial 

2 0 infarction, stroke, traumatic brain injury, neurodegenerative 

diseases, aging, ischemia, toxemia, infection, neoplasia, 
hyperplasia, AIDS, hepatitis, and the like. 

Therapeutic agents which augment (induce) cell death 
by modulating the levels of Badibcl-2 heteromultimers and/or 
25 Badzbcl-x L heteromultimers and thereby affect the level of 
Bax/Bax homomultimers can be used as pharmaceuticals. Such 
pharmaceuticals can be used to treat a variety of diseases 
including but not limited to: hyperplasia, neoplasia, autoimmune 
diseases, transplant rejection, lymphoprolif erative diseases , and 

3 0 the like. 

Bad-modulating agents which enhance the death repressor 
activity of bcl-x L or bcl-2 (e.g., by competitively inhibiting 
endogenous naturally-occurring Bad from sequestering bcl-x L or 
bcl-2) are candidate antineoplastic agents. Candidate 
35 antineoplastic agents are then tested further for antineoplastic 
activity in assays which are routinely used to predict 
suitability for use as human antineoplastic drugs. Examples of 
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these assays include , but are not limited to: (l) ability of the 
candidate agent to inhibit the ability of anchorage-independent 
transformed cells to grow in soft agar, (2) ability to reduce 
tumor igenicity of transformed cells transplanted into nu/nu mice, 
5 (3) ability to reverse morphological transformation of 
transformed cells, (4) ability to reduce growth of transplanted 
tumors in nu/nu mice, (5) ability to inhibit formation of tumors 
or preneoplastic cells in animal models of spontaneous or 
chemically-induced carcinogenesis, and (6) ability to induce a 
10 more differentiated phenotype in transformed cells to which the 
agent is applied. 

Bad zbcl -2 and Bad:bcl-x L Intermolecular Binding 

A basis of the present invention is the surprising 
15 finding that the Bad protein forms a complex with the bcl-2 
and/or bcl-x 1, protein under physiological conditions. This 
finding indicates that the Bad protein serves as a modulator of 
bcl-2 and/or bcl-x 1 * function, and indirectly Bax function. Such 
functional modulation can serve to couple a signal transduction 
20 pathway (via Bad) to an apoptosis regulatory protein (i.e., bcl- 
2, bcl-x L , and Box). 

Assays for detecting the ability of agents to inhibit 
or augment the binding of Bad to bcl-2 or bcl-x 1, provide for 
facile high-throughput screening of agent banks (e.g., compound 
25 libraries, peptide libraries, and the like) to identify Bad or 
bcl-2 or bcl-x 1 * antagonists or agonists. Such Bad or bcl-2 or 
bcl-x 1, antagonists and agonists may modulate Bad and/ or Jbcl-2 
and/or bcl-x L and/or Bax activity and thereby modulate apoptosis. 

Administration of an efficacious dose of an agent 
30 capable of specifically inhibiting Badibcl-2 or Badibcl-^ 
complex formation to a patient can be used as a therapeutic or 
prophylactic method for treating pathological conditions (e.g., 
cancer, inflammation, lymphoprolif erative diseases, autoimmune 
disease, neurodegenerative diseases, and the like) which are 
35 effectively treated by modulating Bad and/or b'cl-2* and/or bcl-x 1, 
activity and apoptosis. 
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Binding assays generally take one of two forms: 
immobilized Bad polypeptide (s) can be used to bind labeled JbcJ-2 
or bcl-x L polypeptide (s) , or conversely, immobilized bcl-2 or 
bcl-x L polypeptide (s) can be used to bind labeled Bad 
5 polypeptides. In each case, the labeled polypeptide is contacted 
with the immobilized polypeptide under aqueous conditions that 
permit specific binding of the polypeptides (s) to form a Bad:JbcI- 
2 complex or Badibcl-xL complex in the absence of added agent. 
Particular aqueous conditions may be selected by the practitioner 

10 according to conventional methods. For general guidance, the 
following buffered aqueous conditions may be used: 10-250 mM 
NaCl, 5-50 mM Tris HCl, pH 5-8/ with optional addition of 
divalent cation(s) and/or metal chelators and/or nonionic 
detergents and/ or membrane fractions. It is appreciated by those 

15 in the art that additions, deletions, modifications (such as pH) 
and substitutions (such as KC1 substituting for NaCl or buffer 
substitution) may be made to these basic conditions. 
Modifications can be made to the basic binding reaction 
conditions so long as specific binding of Bad polypeptide (s) to 

2 0 bcl-2 or bcl-x** polypeptides occurs in the control reaction (s) . 
Conditions that do not permit specific binding in control 
reactions (no agent included) are not suitable for use in binding 
assays . 

In some embodiments, the assay detects the formation 

2 5 of BaxzBax homomultimers in the presence of bcl-x 1 ' or bcl-2 and 

Bad, and the assay identifies agents which reduce the capacity, 
efficacy, or potency of Bad to inhibit bcl-x L or bcl-2 to act as 
a death repressor by inhibiting formation . of BaxzBax 
homomultimers. Modifications can be made to the basic binding 

3 0 reaction conditions so long as specific binding of a Bax 

polypeptide to a Bax polypeptide and binding of a Bad polypeptide 
to a bcl-x L polypeptide or Jbcl-2 polypeptide occurs in the 
control reaction(s) (i.e., without agent). 

Preferably, at least one polypeptide species is labeled 
35 with a detectable marker. Suitable labeling includes, but-is'iiot 
limited to, radiolabeling by incorporation of a radiolabeled 
amino acid (e.g., 14 C-labeled leucine, 3 H-labeled glycine, 35 S- 
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labeled methionine) , radiolabeling by post-translational 
radioiodination with 125 I or 131 I (e.g., Bolton-Hunter reaction 
and chloramine T) , labeling by post-translational phosphorylation 
with 32 P (e.g., phosphorylase and inorganic radiolabeled 
5 phosphate) fluorescent labeling by incorporation of a fluorescent 
label (e.g., fluorescein or rhodamine) , or labeling by other 
conventional methods known in the art. In embodiments where one 
of the polypeptide species is immobilized by linkage to a 
substrate, the other polypeptide is generally labeled with a 
10 detectable marker. 

Additionally, in some embodiments a Bad or Jbcl-2 or 
bcl-x L polypeptide may be used in combination with an accessory 
protein (e.g., a protein which forms a complex with the 
polypeptide in vivo) , it is preferred that different labels are 
15 used for each polypeptide species, so that binding of individual 
and/or heterodimeric and/or multimeric complexes can be 
distinguished. For example but not limitation, a Bad polypeptide 
may be labeled with fluorescein and an accessory polypeptide may 
be labeled with a fluorescent marker that f luorescesces with 
20 either a different excitation wavelength or emission wavelength, 
or both. Alternatively, double-label scintillation counting may 
be used, wherein a Bad polypeptide is labeled with one isotope 
(e.g., 3 H) and a second polypeptide species is labeled with a 
different isotope (e.g., 14 C) that can be distinguished by 
25 scintillation counting using discrimination techniques. 

Labeled polypeptide (s) are contacted with immobilized 
polypeptide (s) under aqueous conditions as described herein. The 
time and temperature of incubation of a binding reaction may be 
varied, so long as the selected conditions permit specific 
3 0 binding to occur in a control reaction where no agent is present. 
Preferable embodiments employ a reaction temperature of about at 
least 15 degrees Centigrade, more preferably 35 to 42 degrees 
Centigrade, and a time of incubation of approximately at least 
15 seconds, although longer incubation periods are preferable so 
3 5 that, in some embodiments, a binding equilibrium is attained. 
Binding kinetics and the thermodynamic stability of bound 
Badzbcl-2 or Badibcl-x L complexes determine the latitude 
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available for varying the time, temperature, salt, pH, and other 
reaction conditions. However, for any particular embodiment, 
desired binding reaction conditions can be calibrated readily by 
the practitioner using conventional methods in the art, which may 
5 include binding analysis using Scatchard analysis, Hill analysis, 
and other methods ^ Proteins, structures and Molecular Principles, 
(1984) creighton (ed.), W.H. Freeman and Company, New York). 

Specific binding of labeled Bad or JbcI-2 polypeptide 
to immobilized Jbcl-2 or Bad polypeptide, respectively, is 

10 determined by including unlabeled competitor protein(s) (e.g., 
albumin) . Similarly, specific binding of labeled Bad or bcl-J^ 
polypeptide to immobilized bcl-x 1, or Bad polypeptide, 
respectively, is determined by including unlabeled competitor 
protein(s) (e.g., albumin). After a binding reaction is 

15 completed, labeled polypeptide (s) that is/are specifically bound 
to immobilized polypeptide is detected. For example and not for 
limitation, after a suitable incubation period for binding, the 
aqueous phase containing non- immobilized protein is removed and 
the substrate containing the immobilized polypeptide species and 

20 any labeled protein bound to it is washed with a suitable buffer, 
optionally containing unlabeled blocking agent (s), and the wash 
buffer (s) removed. After washing, the amount of detectable label 
remaining specifically bound to the immobilized polypeptide is 
determined (e.g., by optical, enzymatic, autoradiographic, or 

25 other radiochemical methods) . 

In some embodiments, addition of unlabeled blocking 
agents that inhibit non-specific binding are included. Examples 
of such blocking agents include, but are not limited to, the 
following: calf thymus DNA, salmon sperm DNA, yeast RNA, mixed 

30 sequence (random or pseudorandom sequence) oligonucleotides of 
various lengths, bovine serum albumin, nonionic detergents (NP- 
40," Tween, Triton X-100, etc.), nonfat dry milk proteins, 
Denhardt's reagent, polyvinylpyrrolidone, Ficoll, and other 
blocking agents. Practitioners may, in their discretion, select 

3 5 blocking agents at suitable concentrations to be " included in 
binding assays; however, reaction conditions are selected. so as 
to permit specific binding between a Bad polypeptide and a bcl-2 
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or bcl-x^ polypeptide in a control binding reaction. Blocking 
agents are included to inhibit nonspecific binding of labeled 
protein to immobilized protein and/or to inhibit nonspecific 
binding of labeled polypeptide to the immobilization substrate. 
5 In embodiments where a polypeptide is immobilized, 

covalent or noncovalent linkage to a substrate may be used. 
Covalent linkage chemistries include, but are not limited to, 
well-characterized methods known in the art (Kadonaga and Tijan 
(1986) Proc. Natl. Acad. Sci. ( U.S.A. ) 83: 5889). One example, 
10 not for limitation, is covalent linkage to a substrate 
derivatized with cyanogen bromide (such as CNBr-derivatized 
Sepharose 4B) . It may be desirable to use a spacer to reduce 
potential steric hindrance from the substrate. Noncovalent 
bonding of proteins to a substrate include, but are not limited 
15 to, bonding of the protein to a charged surface and binding with 
specific antibodies. 

In one class of embodiments, parallel binding reactions 
are conducted, wherein one set of reactions serves as control and 
at least one other set of reactions include various quantities 
20 of agents, mixtures of agents, or biological extracts, that are 
being tested for the capacity to inhibit binding of a Bad 
polypeptide to a bcl-2 or bcl-x** polypeptide, and/or to inhibit 
binding of a Bax polypeptide to foi^n homomultimers (homodimers) 
with a Bax polypeptide. Agents which, when added to a binding 
25 reaction, inhibit formation of Bad:bcl-x L and/or Badzbcl-2 
complexes (and thus reduce formation of BeoczBax complexes or free 
Bax, if present) are thereby identified as Bad inhibitors (e.g. , 
Bad antagonists) ; such agents enhance the death repressor 
activity of bcl-x* 1 and/or bcl-2 and can be used to inhibit 
3 0 apoptosis and senescent cell death. Agents which, when added to 
a binding reaction, enhance formation of Badzbcl-x 1, and/ or 
Badzbcl-2 complexes (and thus enhance formation of BaxzBax 
complexes or free Bax, if present) are thereby identified as Bad 
potentiators (e.g., Bad agonists; such agents reduce the death 
35 repressor activity of bcl-x 1 - arid/or bcl-2 and enhance the death 
effector function of Bax. 
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In one embodiment, candidate therapeutic agents are 
identified by their ability to block the binding of a Bad 
polypeptide to a bcl-x 1, polypeptide. The Bad polypeptide 
preferably comprises the Bad BH1 and BH2 domains, and often is 
5 a full-length mature Bad protein- The bcl-x 1 ' polypeptide 
preferably comprises the bcl—x 1, BH1 and BH2 domains, and often 
is a full-length mature bcl-x 1, protein. 

In one embodiment, candidate therapeutic agents are 
identified by their ability to block the binding of a Bad 

10 polypeptide to a bcl-2 polypeptide. The Bad polypeptide 
preferably comprises the Bad BH1 and BH2 domains, and often is 
a full-length mature Bad protein. The Jbcl -2 polypeptide 
preferably comprises the bcl-2 BH1 and BH2 domains, and often is 
a full-length mature Jbcl -2 protein. 

15 In one embodiment, candidate therapeutic agents are 

identified by their ability to block the binding of a Bad 
polypeptide to a Jbcl -2 -related polypeptide. The Bad polypeptide 
preferably comprises the human Bad BH1 and BH2 domains, and often 
is a full-length mature human Bad protein. The Jbcl -2 -related 

2 0 polypeptide preferably comprises the human Jbcl -2 BHl and BH2 

domains, and often is a full-length mature human Jbcl -2 protein. 

Typically, a Bad polypeptide used in these methods 
comprises an amino acid sequence identical to a naturally- 
occurring Bad protein sequence, although mutant Bad polypeptides 
25 are sometimes used if the mutant Bad polypeptide binds to the 
bcl-x 1 * or bcl-2 polypeptide under control assay conditions (e.g., 
physiological conditions) . Agents are tested for their ability 
to alter binding between a Bad polypeptide and a bcl-x 1, or bcl-2 
polypeptide under suitable assay binding conditions. 

3 0 One means for detecting binding of a Bad polypeptide 

to a bcl-x 1, polypeptide is to immobilize the Bad polypeptide, 
such as by covalent or noncovalent chemical linkage to a solid 
support, and to contact the immobilized Bad polypeptide with a 
bcl-x 1 * polypeptide that has been labeled with a detectable marker 
35 (e.g., by incorporation of radiolabeled'* amino acid, by epitope 
tagging and reporting with a fluorescent-labelled anti-epitope 
tag antibody, and the like) . Such contacting is typically 
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performed in aqueous conditions which permit: binding of a Bad 
polypeptide to a bcl-x L polypeptide comprising a functional Bad 
binding site. Binding of the labeled bcl-x 1, polypeptide to the 
immobilized Bad is measured by determining the extent to which 
the labeled bcl-x L polypeptide is immobilized as a result of a 
specific binding interaction. Such specific binding may be 
reversible, or may be optionally irreversible if a cross-linking 
agent is added in appropriate experimental conditions. 

Alternatively, the jbcl-A^ polypeptide may be labelled 
and the Bad polypeptide immobilized. In one variation, the 
binding assay is performed with soluble (i.e., non- immobilized) 
bcl-x L and Bad polypeptides and the resultant bound complexes 
(Jbci-^Bad) are separated from unbound bcl-x 1, and Bad 
polypeptides, and the bound complexes are guantitated. Agents 
that inhibit or augment the formation of bound complexes as 
compared to a control binding reaction lacking agent are thereby 
identified as Bad-modulating agents and are candidate therapeutic 
agents. 

Alternatively, the Jbcl-2 polypeptide may be labelled 
and the Bad polypeptide immobilized. In one variation, the 
binding assay is performed with soluble (i.e., non-immobilized) 
bcl-2 and Bad polypeptides and the resultant bound complexes 
(bcl-2:Bad) are separated from unbound JbcI-2 and Bad 
polypeptides, and the bound complexes are quantitated. Agents 
that inhibit or augment the formation of bound complexes as 
compared to a control binding reaction lacking agent are thereby 
identified as Bad-modulating agents and are candidate therapeutic 
agents . 

In one variation, the binding assay is performed in 
vivo in a cell, such as a yeast cell (e.g., Saccharomvces l , and 
agents which inhibit intermolecular binding between a Bad protein 
and a. Jbcl-x x or Jbcl-2 polypeptide are identified as Bad- 
modulating agents. Frequently, the in vivo screening assay is 
a yeast two-hybrid system wherein the yeast cells express: (1) 
a first fusion protein comprising Bad and a first transcriptional 
regulatory protein sequence (e.g., GAL4 activation domain)., (2) 
a second fusion protein comprising a jbcl-jr 1, or bcl-2 polypeptide 
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and a second transcriptional regulatory protein sequence (e.g., 
GAL4 DNA-binding domain), and (3) a reporter gene (e.g., /?- 
galactosidase, an auxotroph complementing gene) which is 
transcribed when an intermolecular complex comprising the first 
5 fusion protein and the second fusion protein is formed. If a 
functional JbcI-x^iBad or bcl-2iBad polypeptide complex forms, 
such as in a control assay lacking agent, the cell expresses the 
reporter gene which can be detected. Agents which inhibit or 
augment formation of functional bcl-2:Betd or bcl-^iBad 
10 polypeptide complexes (and thus reporter gene expression) are 
thereby identified as Bad-modulating agents and candidate drugs 
and commercial cell culture reagents and cell preservatives 
(e.g., for explanted organs prior to transplant, etc.) and the 
like. 

15 

Methods for Forensic Identification 
The Bad polynucleotide sequences of the present invention 
can be used for forensic identification of individual humans, 
such as for identification of decedents, determination of 

20 paternity, criminal identification, and the like. For example 
but not limitation, a DNA sample can be obtained from a person 
or from a cellular sample (e.g., crime scene evidence such as 
blood, saliva, semen, blood-stained gloves, blood spots on the 
door of a white Ford Bronco, and the like) and subjected to RFLP 

25 analysis, allele-specif ic PCR, or PCR cloning and sequencing of 
the amplification product to determine the structure of the Bad 
gene region. On the basis of the Bad gene structure, the 
individual from which the sample originated will be identified 
with respect to his/her Bad genotype. The Bad genotype may be 

3 0 used alone or in conjunction with other genetic markers to 
conclusively identify an individual or to rule out the individual 
as a 4 possible perpetrator. 

In one embodiment, human genomic DNA samples from a 
population of individuals (typically at least 50 persons from 

3 5 various racial origins) are individually aliquoted into reac*ti6n 
vessels (e.g., a well on a microtitre plate). Each aliquot is 
digested (incubated) with one or more restriction enzymes (e.g., 
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EcoRI, Hindlll, Smal, BamHI, Sail, NotI, Accl, Apal, Bglii, xbal, 
PstI) under suitable reaction conditions (e.g., see New England 
Biolabs 1993 catalog). Corresponding digestion products from 
each individual are loaded separately on an electrophoretic gel 
5 (typically agarose) , electrophoresed, blotted to a membrane by 
Southern blotting, and hybridized with a labeled Bad probe (e.g. , 
a full-length Bad cDNA sequence of Fig. i or Fig. 2(b) or cognate 
human Bad cDNA or gene sequence) . Restriction fragments (bands) 
which are polymorphic among members of the population are used 
10 as a basis to discriminate Bad genotypes and thereby classify 
individuals on the basis of their Bad genotype. 

Similar categorization of Bad genotypes may be performed by 
sequencing PCR amplification products from a population of 
individuals and using sequence polymorphisms to identify alleles 
15 (genotypes) , and thereby identify or classify individuals. 

The invention also provides Bad polynucleotide probes 
for diagnosis of disease states (e.g., neoplasia or preneoplasia) 
by detection of a Bad mRNA or rearrangements or amplification of 
the Bad gene in cells explanted from a patient, or detection of 
20 a pathognomonic Bad allele (e.g., by RFLP or allele-specif ic PCR 
analysis) . Typically, the detection will be by in situ 
hybridization using a labeled (e.g., 32 p, 3 *s, 14 C ^ 3 H ^ 
fluorescent, biotinylated, digoxigeninylated) Bad polynucleotide, 
although Northern blotting, dot blotting, or solution 
25 hybridization on bulk RNA or poly A + RNA isolated from a cell 
sample may be used, as may PCR amplification using Bad-specific 
primers. Cells which contain an altered amount of Bad mRNA as 
compared to non-neoplastic cells of the same cell type(s) will 
be identified as candidate diseased cells. Similarly, the 
3 0 detection of pathognomonic rearrangements or amplification of the 
Bad gene locus or closely linked loci in a cell sample will 
identify the presence of a pathological condition or a 
predisposition to developing a pathological condition (e.g., 
cancer, genetic disease) . The polynucleotide probes are also 
3 5 used for forensic identification of individuals, such as for 
paternity testing or identification of criminal suspects (e.g., 
O.J. Simpson) or unknown decedents. 
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Methods of R ational Drug Design 
Bad, bcl-x L f and bcl-2 polypeptides, especially those 
portions which form direct contacts in Bad z bcl-2 or Badzbcl-x L 
heteromultimers ,• can be used for rational drug design of 
5 candidate Bad-modulating agents (e.g., antineoplastics and 
immunomodulators) . The substantially purified Bad /bcl-2 and 
Badzbcl-x 1 * heteromultimers and the identification of Bad as a 
docking partner for bcl-2 and bcl-y^ as provided herein permits 
production of substantially pure Bad I bcl-2 polypeptide complexes 

10 and substantially pure Bad/bcl-x L polypeptide complexes. The 
disclosed sequences and protein sources provide data for 
computational models which can be used for protein X-ray 
crystallography or other structure analysis methods, such as the 
DOCK program (Kuntz et al (1982) J* Mol. Biol. 161 : 269; Kuntz 

15 ID (1992) Science 257: 1078) and variants thereof. Potential 
therapeutic drugs may be designed rationally on the basis of 
structural information thus provided. In one embodiment, such 
drugs are designed to prevent formation of a Bad polypeptide zbcl- 
2 polypeptide complex and/or to prevent formation of a Bad 

20 polypeptide zbcl-x 1, polypeptide complex. Thus, the present 
invention may be used to design drugs, including drugs with a 
capacity to inhibit binding of Bad to bcl-2 and/ or bcl-x 1 * . In 
one variation, such drugs are structural mimics of a bcl-2 BH1 
or BH2 domain. In one variation, such drugs are structural 

25 mimics of a bcl-x^ BH1 or BH2 domain. In one variation, such 
drugs are structural mimics of a Bad BH1 or BH2 domain. 

The following examples are given to illustrate the 
invention, but are not to be limiting thereof. All percentages 
3 0 given throughout the specification are based upon weight unless 
otherwise indicated. All protein molecular weights are based 
on mean average molecular weights unless otherwise indicated. 

EXPERIMENTAL EXAMPLES 
35 Overview 

We screened both a yeast two-hybrid system and a lambda 
expression cloning system for bcl-2 interacting proteins. The 
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screening identified a new interacting protein, Bad, whose 
homology to bcl-2 clusters primarily in the BHl and BH2 domains. 
Bad selectively dimerized with bcl-x L as weil as bcl-2, but not 
with Bax, bcl-x s , Mcl-i, Al, or itself. Bad binds more strongly 
5 to bcl-x L than bcl-2 in mammalian cells, and reversed the death 
repressor activity of bcl-x L , but not that of bcl-2. When Bad 
dimerized with bcl-x L , Bax was displaced and apoptosis was 
restored. When approximately half of Bax was heterodimerized, 
death was inhibited. The susceptibility of a cell to a death 
10 signal is determined by these competing dimerizations in Vhich 
levels of Bad influence the effectiveness of bcl-2 versus bcl^x L 
in repressing death 

An expanding family of bcl-2 related proteins has 
recently been noted which share homology that is principally, but 
15 not exclusively, clustered within two conserved regions entitled 
bcl-homology I and 2 (BHl and BH2) (Williams and Smith (1993) 
oEucit; Yin et al. 1994) op.cit! . This includes Bax, bcl-X r . 
Mcl-l, and Al , and several open reading frames in DNA viruses 
including BHRF1 of Epstein-Barr virus and LM5-HL of African 
20 swine fever virus (Oltvai et al. (1993) op.cit : Boise et al. 
(1993) op.cit; Kozopas et al. (1993) op.cit : Lin et al (1993) 
op-cit ) • Several of these have been shown to regulate cell 
death, including bcl-x L , which represses apoptosis, and its short 
form bcl-x s , which favors cell death (Boise et al. (1993) 
25 op.cit ) . The Bax protein has been shown to homodimerize as well 
as heterodimerize with bcl-2 in vivo . When in excess, Bax 
counters bcl-2's ability to repress cell death (Oltvai et al. 
(1993) op.cit 1 . 

Mutagenesis analysis of the BHl and BH2 domains in bcl- 
30 2 identified single amino acid substitutions which disrupted bcl- 
2:Bax heterodiroers, but not bcl-2zbcl-2 homodimers. Of note, the 
bcl-2 mutants that failed to complex with Bax could ho longer 
inhibit apoptosis (Yin et al. (1994) op.cit ! . We introduced an 
eguivalent BHl substitution in bcl-x L ; a glyi59ala substitution 
3 5 in BHl of bcl-x L ~ disrupted its heterodimerization with Bax arid 
abrogated its inhibition of apoptosis (death repressor function) 
in mammalian cells. These data indicate that the family of bcl- 
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2-related proteins functions through protein-protein 
interactions. 

Analysis of the known bcl-2 family members in a yeast 
two hybrid assay system demonstrated a selectivity to their 
5 dimerizations. Wild-type JbcI-2 protein, but not BH1 mutants, 
interacted with Bax in the yeast two-hybrid assay. We identified 
additional Jbcl-2-interacting proteins by using bcl-2 protein as 
bait to screen cDNA libraries in yeast two-hybrid and X 
expression cloning. Both approaches identified the same distant 
10 homolog, Bad (bcl-x L /bcl -2 -associated death promoter), which was 
conserved within the BH1 and BH2 domains. Bad displays 
selectivity in its interactions with bcl-2 family members, 
heterodimerizing with bcl-x L as well as bcl-2 , but not with other 
members of the known family. When Bad heterodimerizes with bcl- 
15 x L in mammalian celts, it displaces Bax and promotes cell death. 

Fig.' 1 shows the nucleotide sequence ( SEQ ID NO:l) of 
- the Bad cDNA thus isolated. The deduced amino acid sequence of 
Bad (SEQ ID NO:2) "is shown in Fig. 1 and Fig. 2(a). Fig. 2(b) 
shows the coding portion of the mouse Bad cDNA. 

20 

Isolation of Bad 

To screen for Jbcl -2 -interacting proteins, we utilized 
the yeast two-hybrid system and X expression cloning (Chien et 
" al. (1991) op . cit : Blanar and Rutter (1992) Science 2J56: 1014. 

25 Jbcl -2 was fused to the GAL4 DNA binding domain (DB) to generate 
a bait plasmid for the yeast two-hybrid screen. The carboxy- 
terminal signal-anchor sequence of bcl-2 was deleted in pPC97Bcl- 
2aC21, to ensure the fusion protein 1 s translocation to the 
nucleus as depicted in Fig. 3(a). For a positive control, 

30 pPC86BaxAC18 , a GAL4 activation domain (AD) plasmid containing 
the murine Bax cDNA deleted of the carboxy-terminal 18 amino acid 
transmembrane segment, was utilized. When transformed into the 
yeast reporter strain PCY2 , GAL4 DB-Bcl -2 aC21 did not activate 
transcription by itself, while GAL4DB-BcI-2aC21 heterodimerized 

35 with GAL4 AD— BaxAC 1 8 to activate transcription of lacZ in an X-gal 
filter assay. Subsequently, the GAL4DB-Bc2-2aC21 bait plasmid 
was used to screen an oligo-dT primed mouse embryonic day 14.5 
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cDNA fusion library in a GAL4AD vector (Chevray and Nathans 
(1992) Proc. Natl. Acad, Sci. (USA) 89: 5789). Approximately 
400,000 LEU + TRP + colonies were screened by the * X-gal filter 
assay. Isolates from blue colonies were tested for their 
specificity of interaction with bcl-2 both by mating and 
transformation approaches. These tests compared the isolates' 
ability to activate lacZ transcription with the GAL4DB vector 
alone, GAL4DB— BaxAC18 , and GAL4DB with a nonspecific bait. 
Twelve positive colonies were confirmed in this manner. Sequence 
analysis of cDNA plasmids rescued from these 12 yeast colonies 
revealed that four plasmids represented two independent clones 
of the same gene (Fig. 4(a)). 

For X expression cloning, a bacterially synthesized 
bcl-2 fusion protein containing a 5-amino acid heart muscle 
kinase domain (Blanar and Rutter (1992 ) Science 256 : 1014, GST- 
HMK-Bcl-2AC21, was in vitro labeled with 32P-7-ATP, and used to 
screen an oligo-dT primed mouse embryonic day 16 Ex-lox library 
(Novagen) . Twelve positive plaques were identified from 750,000 
screened (Fig. 3(b)). The 12 rescued plasmids represented 3 
overlapping clones of the same gene also isolated from yeast two- 
hybrid screening (Fig. 3(b)). For Western blots performed using 
either GST alone or GST-bcl-2 as probes against the fusion 
proteins produced by the three isolates indicated binding was 
specific for bcl-2 and not GST. Therefore, the same bcl-2- 
interacting protein was isolated by two interactive cloning 
strategies using two separate libraries. Alignment of the 5 
clones harrowed the bcl -2 -interacting region to 64 amino acids 
at the carboxy-terminus (Fig. 5) . 

bad cDNA and Protein Sequence 

The full length Bad cDNA sequence was determined from 
cloned identified from mouse newborn brain and adult thymus 
libraries (Fig. 4(c)). The gene contains an open reading frame 
encoding a previously undescribed protein of 204 amino acids with 
a predicted molecular weight of 2 2 VI" KD (Fig. 1) . We w/fll 
subsequently refer to this gene as Bad (bcl-x L lbcl-2 associated 
death promoter) for reasons that will be detailed. Comparison 
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of the Bad protein sequence with the known bcl-2 family members 
revealed limited homology clustered in the BHl and BH2 domains 
(Figs. 5(b) and (c) ) . Specifically, Bad contains the highly 
conserved and functionally significant W/YGR triplet in BHl, the 
5 functionally significant W at position 183 and the WD/E at the 
conserved exon juncture in BH2 (Fig. 5(c)) (Yin et al. (1994) 
op. cit ) 1 Moreover, the spacing between the conserved BHl and BH2 
domains in Bad is similar to that of the other bcl-2 homologs. 
The shortest Bad clone that interacted with bcl-2 possessed the 

10 BHl and BH2 region indicating that these conserved amino acids 
are be important for binding to JbcI-2. It appears that Bad is 
most similar to the C_j_ eleaans protein Ced-9 in this region. 
Unlike the other known bcl-2 family members, Bad does not have 
a predicted carboxy-terminal signal-anchor sequence, consistent 

15 with the model that it does not exist as an integral membrane 
protein. Like the bcl-2 homolog Mcl-1, Bad contains two 
predicted PEST sequences flanked by arginine or arginine and 
histidine residues (Fig. 1, dotted underline). PEST sequences 
characterize certain proteins targeted for rapid degradation 

20 (Rogers et al. (1986) Science 234 : 364). Bad contains a large 
number of charged residues (25 Arg + Lys, 23 Asp + Glu) , with an 
estimated isoelectric point of 9.7, and an estimated charge of 
2.47 at neutral pH. PROSITE . analysis identified several 
potential phosphorylation and myristoylation sites. BLAST 

25 searches revealed no further detectable homologies within the 
existing databases. 

Expression pattern of Bad 

Northern analysis was performed on total RNA from 

3 0 various mouse organs to examine the tissue distribution of bad 
(Figure 6). A PCR-labeled Bad coding region probe revealed a 
l.lkb RNA species. To increase the sensitivity, a semi- 
quantitative RT-PCR assay was developed using primers from 
separate exons of Bad. A tissue survey compared expression of 

35' bad to another Jbcl-2 hoffiolog, bcl-x L , by both Northern and RT-PCR 
assays, using either gapdh or fi-actin as a control for RNA 
quality. Bad and bcl-x L are coexpressed in many tissues (Fig. 
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7) . Bad appears to be ubiquitously expressed at a low level, and 
shows less tissue variation than bcl-x L (Fig. 7) . The Bad mRNA 
level is several fold lower in lymph nodes than other organs 
examined, a finding also true for bcl-x L . RT-PCR was also 
employed to examine Bad mRNA expression from day 9.5 to 18 during 
embryonic development (Fig. 8). Expression of Bad appears to 
precede that of bcl-x L at E9.5. Thereafter, the levels of Bad 
and bcl-x L relative to 0-actin remain roughly constant during 
embryonic development (Fig. 8) . 



10 



Interaction of Bad and Other bcl-2 Family Members 

Since Bad interacted with bcl-2 and possesses BH1 and 
BH2 domains, we sought to determine whether it would also bind 
other bcl-2 family members. The full-length Bad cDNA was cloned 
15 into two other yeast two-hybrid vectors, pAS (GAL4DB) and PACTI1 
(GAL4AD) , which are 2/tt-based multi-copy plasmids rather than 
centromeric low-copy plasmids (Durfee et al. (1993) op.cit 1 . 
pASBad and pACTIIBad were systematically tested with the 
mammalian bcl-2 homologs, by both the X-gal filter assay and the 
20 liquid onpg assay (Fig. 9). Bad interacted strongly with bcl-X L 
and bcl-2 in both the DNA binding domain and activation domain 
plasmids. However, Bad did not interact with Bax, bcl-x s , Mcl-l, 
or Al. Unlike bcl-2 or Bax, analysis in yeast two-hybrid 
indicates Bad substantially does not homodimerize. 

25 

Bad Heterodimerizes with bcl-2 and bcl-X z in Mammalian falls 

To determine whether Bad actually binds to bcl-2 and 
bcl-x L in mammalian cells, an expression plasmid was constructed 
placing Bad under the control of the splenic focus forming virus 

30 (SFFV) LTR (Fulbrigge et al. (1988) Proc. Natl. Acad, sci. fUSAl 
8_5: 5649) . A 9-amino acid hemagglutinin epitope tag was placed 
at the N-terminus of full-length Bad by a PCR approach (Kolodzie j 
and Young (1991) op.cit) . The resultant pSFFVHA-Bad plasmid was 
electroporated into the IL-3 dependent cell line FL5.12 (McKearn 

35 et a 1.- (1985) Proc. Natl. Acad, sciv (VSA\ 82: 7414) , 'and 'into 
FL5ii2 clones already overexpressing Jbcl-2 (Nunez et al. (1990) 
op.cit) or bcl-x L (Boise et al. (1993) op.cit 1 . Stable 
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transfectants were selected by limiting dilution in G418 
containing media, yielding 6 FL5.12HA-Bad clones, 4 FL5.l2Bcl- 
2 HA— Bad clones, and 4 FL5 . 12BcI-X i HA-Bad clones. The expression 
levels of HA— Bad in these clones was determined by Western blot 
5 analysis using either the monoclonal antibody to the HA tag 
(12CA5) or a newly generated polyclonal antibody to Bad (anti-Bad 
Ab) . While the predicted MW of HA-Bad was 22.1kD, it migrated 
at 30 kD in SDS-PAGE gels (Fig. 10) . This apparent molecular 
weight was also noted with bacterially produced protein 

10 indicating that the anomalous migration is due to primary 
structure rather than post-translational modification. The 
FL5. 12Bc2— 2HA— Bad#4 and FL5 . 12Bcl-X JD HA-Bad#7 clones which 
expressed comparable amounts of Bad (Fig. 10) were selected for 
analysis of iji vivo heterodimerizations. Fig. 11 shows viability 

15 curves deprived of IL-3 . 

Immunoprecipitation of Bad, Jbcl-2, and bcl-X L were 
performed with 35 S-labeled cells solubilized in 0.2% NP-40, which 
permits dimers of the Jbcl-2 family to remain intact. The 
monoclonal antibody to human Jbcl-2, 6C8, immunbprecipitated the 

2 0 expected 25 kD Jbcl-2 protein and its heterodimerizing partner Bax 

from FL5.12Bcl-2 cells (Fig. 12(a)). Immunoprecipitation of 
lysates from FL5 . 12Bcl— 2HA-Bad#4 with 6C8 mAb yielded a 30kD 
species in addition to Jbcl-2 and Bax. The 12CA5 mAb 
immunoprecipitated the same 30kD band, confirming its identity 
25 as HA-Bad (Fig. 12(a)). The 12CA5 primary immunoprecipitate also 
contained a 253cD band, which proved to be Jbcl-2 by Western blot 
analysis (Figure 12(b)). In addition, the anti-Bad polyclonal 
antibody showed the same immunoprecipitation pattern as 12CA5. 
Therefore, we demonstrated that Bad co-precipitates with Jbcl-2, 

3 0 and Jbcl-2 co-precipitates with Bad. However, no Bax band was 

seen in the 12CA5 immunoprecipitation lane, confirming the 
absence of Bad /Bax heterodimerization, consistent with the yeast 
two-hybrid data. This also demonstrates that bcl-2 which is 
bound to HA-Bad is not substantially heterodimerized with Bax. 
35 Thus, there is no evidence for the presence of Bad/bcl-2 /Bax* 
heterotr imers . 
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A parallel series of immunoprecipitations was performed 
on FL5 . 12Bcl—X L HA'-Bad clones, using an anti-bcl-jr polyclonal 
antibody. In FL5 . l2Scl -x L cells, anti-jbcl-x- Ab captured the 28kD 
bcl-x L protein and a 2lkD protein that has been proven to be Bax 
5 (Figure 13(a)). In FL5 . 12Bc2-X £ HA-Bad#7 lysates, anti-bcl-x Ab 
precipitated bcl-X L and a 30kD species consistent with HA-Bad, 
the identity of which was confirmed on a Western blot using anti- 
Bad Ab (Fig. 13(c)). Similarly, both the 12CA5 mAb and anti-Bad 
Ab precipitated a 28kD species as well as the 30kD HABad. 
10 Subseguent Western blot analysis of these primary 
immunoprecipitates with the anti-Jbcl-x Ab confirmed that the 28kD 
protein was i>c2-x L (Fig. 13(b)). Thus, HA-Bad co-precipitates 
with bcl-x L , and bcl-x L also co-precipitates with Bad. Once 
again, the bcl-x L molecules which are bound to Bad are not 
15 heterodimerized with Bax. Moreover, in the primary 

immunoprecipitate of FL5. l2Bcl-X I) HA-Bad#7 with ant i-bcl-x Ab, 
little or no Bax is present, indicating that nearly all of the 
bcl-x L is dimerized with HA-Bad (Fig. 13 (a) ) . 

To further assess the extent to which HA-Bad had 
20 complexed with the available jbc2-2 or Jbcl-^, secondary 
immunoprecipitations were performed on the supernatants of the 
aforementioned experiments. In lysates of FL5 . 12BcZ-2HA-Bad#4 
cells, the intensity of bcl-2 to HA-Bad bands in the primary 
immunoprecipitates with the 6C8 anti-bcl-2 mAb showed a ratio of 
25 2:1, as assessed by phosphoimager scanning (Fig. 13(c)). When 
the supernatant of this bcl -2 -depleted immunoprecipitate was re- 
precipitated with anti-Bad Ab, a reversed ratio of bcl-2 to HA- 
Bad of 1:3 was noted (Fig 13(c)). This indicates that Bad was 
in excess, because free HA-Bad, not heterodimerized with bcL-2 , 
30 existed. However, a parallel experiment with FL5. 12BcI-x x HA- 
Bad#7 cells revealed a bcl-x L to HA-Bad ratio of 1:1 in primary 
immunoprecipitates with anti-bcl-jr Ab (Fig. 13(d)). Whereas, 
when the supernatant of this bcl -x L -depleted immunoprecipitate 
was reprecipitated with anti-Bad Ab or 12CA5, only small amounts 
35 of either protein were detected. The residual bcl-x L and*HA-Bad 
detected were at a 1:1 ratio, consistent with the model that 
these minimal amounts of protein were complexed as heterodimers . 
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These data are consistent with a strong affinity between bcl-x L 
and HA-Bad. In FL5 • 12Bcl -X L HA-Bad#7 cells, nearly all the bcl-x L 
heterodimerized with HA-Bad and virtually none with Box 
(Fig. 13 (a)). In FL5 . l-2Bd-2HA-Bad#4 cells, despite an excess 
5 of HA-Bad, a substantial fraction of bcl-2 is still 
heterodimerized with the endogenous Bax (Fig. 12(a)), This is 
consistent with a comparatively weaker association between Bad 
and bcl-2 than Bad and bcl-x L . 

10 Bad Counters Death Inhibition Bv bcl-x L Not Bv Jbcl-2 

The IL-3 dependent FL5.12 cell line normally dies by 
apoptosis following factor deprivation. Both bcl-2 and bcl-x L 
function as death repressors, extending the viability of these 
cells following IL-3 withdrawal. The six FL5 . 12HA— Bad clones 

15 were deprived of IL-3 to determine if overexpressed Bad affected 
apoptosis in this cell line with minimal to absent endogenous Bad 
protein. None of the viability curves of these six clones were 
convincingly different from that of FL5.12Neo control lines. We 
next examined whether the survival function of either bcl-2 or 

20 bcl-x L would be altered by the presence of Bad. The survival 
curves for two independent bcl-2 and Bad over expressing clones, 
FL5 . 12Bcl-2HABad#4 and #15 did not vary significantly from that 
of FL5.12Bcl-2 cells (Fig. 11). This indicates that at these 
expression levels, Bad protein has no substantial effect on the 

25 death repressor function of Jbcl-2 in this cell line. In 
contrast, the viability of clones co-expressing bcl-x L and Bad 
proved significantly different from that of FL5 . 12Bcl-x L cells. 
FL5 . 12Bcl-x L HA-Bad clone#7 expresses a high level of Bad and 
exhibits a viability that has nearly reverted to the pattern of 

30 several FL5.12Neo control lines (Fig. 11). FL5 . 12Bcl->: I( HA-Bad#8 
expresses a low amount of Bad protein (Fig. 14(a)) and shows a 
slightly diminished viability compared to FL5. 12BcI-x L upon IL-3 
withdrawal. Therefore, overexpressed Bad counters bcl-x L % s death 
repressor activity, while similar levels of Bad (Figure 10) were 

3 5 not effective, in countering Jbcl-2 in this death assay. 
Immunoprecipitations using mouse thymocytes revealed an 
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association of endogenous bcl-x L and Bad in vivo , indicating that 
this interaction is relevant in normal cells. 

Bad Competes for bn1-y r Resulting in Free Bay 
5 The differential effectiveness of Bad in countering 

bcl-x L but not bcl-2 activity may be explained by the observation 
that more of the available Bad is bound to bcl-x L than to bcl-2 
(Fig. 12, 13). Bad/bcl-x L heterodimerization appeared to 
preclude binding of bcl-x L to Bax, in that ant±-bcl-x Ab no 
10 longer co-precipitated any Bax (Fig. 13(a)). In contrast, 
despite an apparent excess of Bad in FL5. 12£cI-2HA-£ad#4 cells, 
anti-bcI-2 mAb still co-precipitated some Bax as well as Bad 
(Fig. 12(a)). Since heterotrimers do not appear to exist, this 
indicates that the amount of Bax that is •» free" and not 
15 heterodimerized, would be affected by the presence of Bad. 

To test this hypothesis, the amount of Bax not involved 
in bcl-x L :Bax or bcl-2: Bax heterodimers was determined in these 
clones. Sequential immunoprecipitations were performed in the 
following manner: primary immunoprecipitations were performed on 
20 35 S-labeled FL5 . 12BcI-x i HA-Bad and FL5 . 12£cl— 2HA— Bad clones lysed 
in 0.2% NP-40 using either anti-bcl-x Ab or 6C8 mAb, respectively 
(Fig 14 (a) ) ; the supernatants were cleared a second time with 
these antibodies to remove all pcl-x L or bcl-2 complexes; 
finally, these heterodimer-depleted supernatants were 
25 immunoprecipitated with the monoclonal anti-Bax antibody, 4D2 
(Fig. 14(b)). One-half of the original 35 S-labeled cells were 
lysed in RIPA buffer, which disrupts dimers of this family, and 
immunoprecipitated with 4D2 mAb to establish the total amount of 
cellular Bax in each, preparation (Fig. 14(c)). The amount of 
30 Bax present in each precipitation was quantitated by 
phospho imager scanning. This experiment was performed three 
times and the average value for the fraction of Bax not found in 
heterodimers is presented (Fig. 14) . 

In FL5. l2Neo control cells, most of the Bax (97%) was 
35 not heterodimerized, presumably present as homodimers , ' as shown 
previously (Oltvai et al. (1993) op.cit l . The primary 
immunoprecipitation with 6C8 mAb and anti-bcl-* Ab confirmed the 
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persistence of bcl-2:Bax heterodimers in FL5 . 12BcI-2HA-Bad#4 
(Fig- 14(a)). bcl-x L :Bax heterodimers were noted in 

FL5.12Bc2-Ar L HA-Bad#8 but not in FL5 . 12Bc2-x <L HA-Bad clone #7 
(Fig- 14(a)). Reciprocally, the amount of Bad committed to 
5 bcl-x L :Bad heterodimers in clone #7 appeared greater than the 
amount of bcl-2:Bad heterodimers in clone #4 (Fig. 14(a)). This 
resulted in a marked difference in the fraction of Bajc not 
present in heterodimers. In FL5 . 12BcI -x L and FL5.12BcI-2 cells 
which are protected from apoptosis, half or less of the total Bax 

10 was not heterodimerized (52% and 39%, respectively , Fig. 14). 
In FL5. 12Bcl-x L HA-Bad#7 cells which have regained susceptibility 
to death, as much as 79% of the total Bax was not complexed to 
bcl-x L . In contrast, in FL5 . 12Bcl— ^HA— Bad clone #8 and 
FL5.12Bcl-2HA-Bad#4, which still retained considerable 

15 protection, the percent of "free" Bax, not found in heterodimers, 
was 53% and 47%, respectively (Fig. 14)- 

Review 

Both yeast two-hybrid and lambda expression cloning 
2 0 identified the same new bcl-2 family member, Bad. Several 
criteria qualify Bad for membership: Bad possesses the key amino 
acid motifs of BH1 and BH2 domains; a small region of Bad 
containing BH1 and BH2 binds Jbcl-2; and the molecular weight of 
Bad falls within the range of other Jbcl-2 family members. 

2 5 However, outside BH1 and BH2 , Bad is quite distinct from other 

members- Moreover, Bad lacks the classic carboxy- terminal 
signal-anchor sequence responsible for the integral membrane 
position of other family members. 

Initial immunofluorescence studies reveal a punctate 

3 0 cytoplasmic distribution for Bad similar to that of Jbcl-2 or Jbcl- 

x L , perhaps reflecting its heterodimerization with these integral 
membrane proteins. 

Yeast two-hybrid analysis indicated that Bad was 
selective in its interactions with family members, but that it 
35 would recognize bcl-x L as well as Jbcl-2. Assessment* of Bad in 
mammalian cells confirmed this prediction. The 
immunoprecipitation data favor a model of simple dimers in which 
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Bad competes with Bax for association with bcl-2 or bcl-x L 
(Fig. 15). There was no evidence for the existence of any 
heterotrimers . Although the quantitative ONPG assay in yeast 
two-hybrid indicated that the interaction of Bad is stronger for 
5 bcl-2 than bcl-x L , studies in mammalian cells showed the 
opposite. When comparable levels of Bad were added to cells 
expressing either bcl-2 or bcl-x L , more JbcI-x^.-Bad than bcl-2 -.Bad 
heterodimers were detected. The binding of Bad appeared to 
preclude the binding of Bax to either bcl-x L or bcl-2. m cells 
10 with abundant bcl-x L -.Bad heterodimers, no bcl-x L zBax heterodimers 
were present. Since less bcl-2 is coinplexed with Bad, bcl-2 :Bax 
heterodimers were still present in Jbcl-2 expressing cells. This 
is consistent with the model that Bad has a higher affinity for 
bcl-x L than for bcl-2. Studies within a cell death assay 
15 corroborated the significance of Bad heterodimerizations . When 
expressed as a sole molecule, Bad had no effect upon the death 
course of FL5.12 cells deprived of factor. This indicates that 
Bad itself does not function as a singular, downstream death 
effector molecule. FL5.12 cells express little bcl-2, no 
20 detectable JbcZ-x^, and abundant Bax protein. Given the 
heterodimerization pattern of Bad, we asked if it would alter the 
apoptotic response in bcl-2 or bcl-x L protected cells. We found 
that Bad countered the death inhibition-by bcl-x L much more than 
bcl-2. This correlated with the proclivity of Bad to 
25 heterodimerize with bcl-x L more than bcl-2. 

bcl -jt l heterpdimerizes with Sax in mammalian cells as 
well as yeast two-hybrid. A WAR for WGR substitution of the 
critical glycine in the BHl domain was generated for bcl-x L . 
Parallel to this mutation in Jbcl-2, this bcl-x L mI-3 protein no 
30 longer heterodimerized with Bax and also lost its death repressor 
activity. This provides further evidence for a model in which 
both bcl-x L and bcl-2 must dimerize with Bax to repress death. 
Bad further supports this thesis. 

Overall, the data are consistent with a competition in 
which Bad- binds bcl -x L , displacing Bax into homodimers (Fig:"i5) . 
Susceptibility to cell death is best correlated with the percent 
of Bax in heterodimers versus homodimers. If roughly half of Bax 
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is complexed in heterodimers, FL5.12 cells are protected from 
death . 

Bad is a regulator of apoptosis that functions by 
sequestering bcl-x L or by altering- its distribution between jbcl- 
5 x L :Bax versus bcl-x L :Bad heterodimers. The susceptibility to 
cell death is dictated by a set point determined by the relative 
levels and interactions of bcl-x L , bcl-2 , Bax , and Bad proteins. 
Cells have been noted that vary in their capacity to be protected 
from death by bcl-x L versus jbd-2. The presence of the newly 
10 described protein, Bad, is a regulator that can determine whether 
the bcl-2 or the bcl-x L molecule will be effective in repressing 
apoptosis. 

Experimental Procedures 

15 Standard PCR reactions were used to construct all yeast 

fusion plasmids. Restriction enzyme sites were incorporated into 
oligonucleotide primers used to amplify jbcl-2 family member cDNAs 
such that ligation to yeast vectors produced in-frame fusions 
with either the GAL4 DNA binding domain or the GAL4 transcription 

2 0 activation domain. The amino acids in the COOH-terminal 
transmembrane segments were deleted from bcl-2 homologs as 
follows: 21 amino acids from mubcl-2, 18 from muBax, 19 from 
huJbcl-x^, 19 from hubcl-x s , 21 from muMcl~l , and 21 from muAl. 
pASBAD and PACT I I BAD constructs contained full-length cDNA. The 

2 5 yeast vectors pPC97 and pAS contain the GAL4 DNA binding, domain 

and express the LEU and TRP markers, respectively; pPC86 and 
PACTII contain the GAL4 transcription activation domain and 
express the TRP and LEU markers, respectively. 

The expression plasmid SFFVHA— Bad was constructed by 

3 0 using PCR primers which incorporated the 9 codons of the HA 

(hemagglutinin) epitope onto the 5 1 end of Bad. The PCR product 
was ligated into PSFFV vector at the EcoRI site. 

Strains and Cell Lines 
3 5 The yeast strain used in yeast two-hybrid screening was * 

PCY2 (MATaAgal4*gal80URA3 : :GALl-lacZlys2-801ctmberhis3-A20Qtrpl- 
A631eu2adB2-101 ochre ) . The strain used in matings to test 
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non-specific interactions was Y190 (MATagal4gal80h±s3trpl- 
901ade210lura3-521eu2-3,-ll2URA3 : : GAL-lacZLYS : : GAL-HIS3 cyh r ) . 
Yeast transformations were done using the standard lithium 
acetate procedure. 

5 The murine IL-3 dependent early hematopoietic cell 

line, FL5.12, and its derivatives were grown in Iscove's modified 
Dulbecco's medium supplemented with 10% fetal calf serum and 10% 
WEHI-3B conditioned medium as a source of IL-3. 

» 

10 Yeast Two-Hvbrid Screening 

PCY2 transformed with pPC97Jbd-2 was maintained in -leu 
medium. This strain was transformed with 4 ng of an oligo-dT 
primed mouse 14.5 day embryo fusion cDNA library constructed in 
the activating domain vector pPC67. Approximately 400,000 
15 LEU+TRP+ colonies were screened by the filter X-gal assay. Blue 
colonies were grown in +Leu liquid medium to allow for loss of 
the bait plasmid and replica plated onto -leu-trp plates. Those 
colonies which grew on +Leu-trp but not on -leu-trp plates were 
mated to Y190 carrying either pPC97 vector alone, pPC97JbcI-2, or 
20 a non-specific plasmid pPC97Hoxll, and assayed for blue color by 
the filter assay. The cDNA plasmids were rescued from the 
positive yeast colonies and co- transformed with the various DNA 
binding domain plasmids back into PCY2 . Only those cDNA plasmids 
which were specifically positive with bcl-2 both by mating and 
2 5 transformation were sequenced. Standard quantitative liquid ONPG 
assays were performed using yeast lysates, according to the 
protocol of Rose and Botstein. 



30 



Expression - Cloning 
Bacterially produced GST-HMK-BcI-2aC21 was purified 
using glutathione-agarose beads. 1 fig of protein was labeled with 
100/iCi .of 32 P- 7 -ATP using heart muscle kinase (Sigma) to a 
specific activity of >io 7 cpms//ig. Screening of phage filters was 
performed in 0.05% NP-40 and 1 mM DTT, according to the protocol 
3 5 of Blanar and Rutter. - « 

cDNA Screening 
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A Bad coding region probe was used to screen 10 6 
plagues each of a mouse newborn brain and an adult thymus XZAPII 
cDNA library. Standard phage screening techniques were employed. 
Positive plaques were excised in vivo and sequenced. 

5 

Northern Blot Analysis and RT-PCR 
Total RNA was extracted from mouse organs and embryos 
using RNazol. For Northern analysis, 30 /xg were loaded in each 
lane of a 1.2% agarose formaldehyde gel which was transferred to 

10 Zetaprobe and hybridized with PCR-labeled Bad and bcl-x L coding 
region probes or a random primer labeled GAPDH probe. Blots were 
hybridized at 42°C overnight and washed at 65°C. Bad and bcl-x L 
bands were quant itated by normalizing to GAPDH by phosphoimager 
scanning. For RT-PCR, reverse transcriptase reactions were 

15 performed using 1 jug of total RNA as template, random hexamers 
as primers, and GIBCO Superscript in 20 Ml reactions. The 
reactions were incubated at room temperature for 10 minutes, 42 °C 
for 15 minutes, 99 °C for 5 minutes, and 5°C for 5 minutes. 1/4 
of the RT reaction (or 250ng RNA equivalent) was used for each 

20 Bad and bcl-x L PGR reaction. 1/40 of the RT reaction (or 25ng 
RNA equivalent) was used for fi-actin PCR. All primer pairs 
spanned intron/exon junctions. For Bad, the primers (sense: 
5 • TCGGAGTCGCCACAGTTCGTA3 • , antisense: 5 ' GACTCAAGCTGTACGTCAGCT3 1 ) 
generated a product of 4 3 0bp. For bcl-x L , the sense primer was 

2 5 5 1 ATGACTTTGAACTGCGGTACC3 ■ and the antisense primer was 

5 ■ AAGCGCTCCTGGCCTTTCCGG3 1 , generating a product of 3 50bp. The 
p-act±n primers were sense: 5 1 ATGGATGACGATATCGCT , antisense 
5 1 ATGAGGTAGTCTGTCATGGT3 ' , yielding a product of 57 0bp. PCR 
cycles consisted of melting at 94 °C for 1 minute, annealing at 
30 58°C for 2 minutes, extension at 72°C for 1 minute, for a total 
of 25 cycles. PCR products were run out in agarose gels, 
blotted, and hybridized with random primer labeled probes 
appropriate for each RT-PCR. Bad and bcl-x L bands were 
quant itated by normalizing to 0-actln bands by phosphoimager 

3 5 scanning. 

Transf ections 
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FL5.12 cells were electroporated at 200 volts and 
900/xF. 48 hours later, the cells were plated in medium 
containing 1 mg/ml G418 in 96-well microtiter dishes. Single 
cell origin clones were picked 10-14 days later. 

5 

Viability Assays 
FL5.12 clones were washed 4 times in medium without 
serum or IL-3, and plated in medium without IL-3 at a 
concentration of 10 6 cells/ml in microtiter wells. Aliquots of 
10 cells were removed from different wells and stained with trypan 
blue at indicated time points. Typically, at least 100 cells 
were counted in triplicate for each time point. Viability assays 
were performed at least three independent times for each clone. 

15 Antibodies 

6C8 is a human bcl-2-specif ic hamster monoclonal 
antibody. 12CA5 is a murine monoclonal antibody against 
influenza virus hemagglutinin protein epitope. 4D2 is a hamster 
monoclonal antibody against murine Bax. Anti-Jbcl-x Ab is a 
polyclonal antibody against bcl-x , the production of which will 
be described elsewhere. The rabbit polyclonal anti-Bad Ab was 
raised against bacterially produced protein and was protein a- 
purified. For immunoprecipitations, 6C8 was used at a final 
concentration of 20 Mg/ml, 12CA5 was used at 4 0 ng/ml, anti-bcl-x 
Ab was used at 10 M l/10 7 cells. 4D2 and anti-Bad antibody were 
empirically titrated to be .maximally efficient at 24 »g/ml and 
60 ng/ml. 



20 
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Western Blot Analysi s 
Cells were lysed in lOOmM Tris pH7.5, 75mM NaCl, 1% 
Triton X-100, 1% PMSF, and 1% aprotinin. SDS-PAGE gels were 
transferred to Nitroplus filters and blocked in PBS, 0.05% Tween- 
20, and 3% nonfat milk. Antibody incubations were carried out 
for 1 hr at room temperature. 12CA5 mAb supernatant was used at 
35 1:50 dilution, anti-hcl-*- Ab at 1:1000, anti-Bad Aba€ 1:1000, 
and 6C8 at 1:100. Biotinylated secondary goat antibody (Caltag) 
was used at 1:500, and horseradish peroxidase conjugated 
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streptavidin (Zymed) was used at 1:1000 when developed with 3- 
aminodiazobenzidine, and 1:20,000 when developed with ECL . 

Immunoprecipitations 
5 Each immunoprecipitation was carried out using 10 7 

cells resuspended at 2 x 10 6 cells/ml in methionine-f ree 
Dulbecco's modified Eagle's medium supplemented with 10% dialyzed 
fetal calf serum and 10% WEHI-3B supernatant. lOO^tCi Trans 3 5S- 
label was added to the medium for 12hrs. Cultures were then 

10 washed with ice-cold PBS, and lysed in 0.5ml of NP-4 0 isotonic 
buffer (10mm HEPES pH 8.0, 14 2.5mM KC1, 5mM MgCl2, 0.2% NP-4 0, 
ImM PMSF, 1% aprotinin, 3 /xg/ml pepstatin) or RIPA buffer for 30 
minutes at 4°. Nuclei and cell debris were removed by 
centrif ugation at 15,000 x g for 10 minutes. Lysates were 

15 precleared with 50 fil of 50% v/v protein A-Sepharose for 
30 minutes at 4°C. Antibody was added, and incubated at 4°C for 
60 minutes, followed by incubation with 50 pi of protein A- 
Sepharose for 45 minutes. The protein A-Sepharose beads were 
collected by a 30 second microfuge spin and washed 3 times with 

2 0 1 ml of lysis buffer. In some experiments, the supernatants were 

incubated with a second antibody and the protein A-Sepharose 
steps were repeated. Immunoprecipitates were solubilized by 
boiling in sample loading buffer, and fractionated on 12.5% SDS- 
PAGE gels, fixed in 30% methanol 10% acetic acid, enhanced, 
25 dried, and exposed to X-ray film at -70°C. 3 5S-labeled bands 
were quant itated by phosphoimager scanning. 

The foregoing description of the preferred embodiments 
of the present invention has been presented for purposes of 
illustration and description. They are not intended to be 

3 0 exhaustive or to limit the invention to the precise form 

disclosed, and many modifications and variations are possible in 
light of the above teaching. 

Such modifications and variations which may be apparent 
to a person skilled in the art are intended to be within the 
3 5 scope of this invention. ■ «* 
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Claims: 

1. An isolated Bad polypeptide comprising a 
polypeptide sequence of at least 20 consecutive amino acids and 
less than 10,000 amino acids which is substantially identical to 

5 a polypeptide sequence shown in SEQ ID NO: 2. 

2. An isolated Bad polypeptide of claim 1 which 
comprises at least one Bad epitope sequence selected from the 
group consisting of: -GTPKQPSLAPAHAL- ; -RKSDPGIRSLGSDA- ; 

10 -RWRPAAQSMFQIPEFEP-; -EQEDASATDRGLGPSLT- ; -PGPYIAPGLLGSNIHQQ-; 
-RAATNSHHGGAGAMETRS-; -HSSYPAGTEEDEG- ; -EELSPFRGRSRSAPPN- ; 

-WAAQRYGRELRRMSDE- ; -SFKGLPRPKSAGTATQM- ; -SAGWTRIIQSWWDRNL- ; 
-PPNLWAAQRYGRELRRMSDEFEG-; and — GWTRI IQSWWDRNLGK- . 

15 3 - An isolated Bad polypeptide of claim 2 which 

comprises the sequence: 

-MGTPKQPSLAPAHALGLRKSDPGIRSLGSDAGGRRWRPAAQSMFQIPEFEPSEQEDASATD 

RGLGPSLTEDQPGPYLAPGLLGSNIHQQGRAATNSHHGGAGAMETRSRHSSYPAGTEEDEG 

MEEELSPFRGRSRSAPPNLWAAQRYGRELRRMSDEFEGSFKGLPRPKSAGTATOMROSAGW 
20 TRIIQSWWDRNLGKGGSTPSQ-. 

4 . An isolated Bad polypeptide of claim 3 which is 
substantially identical to the polypeptide sequence: 

MGTPKQPSLAPAHALGLRKSDPGIRSLGSDAGGRRWRPAAQSMFQIPEFEPSEQEDASATD 

RGLGPSLTEDQPGPYLAPGLLGSNIHQQGRAATNSHHGGAGAMETRSRHSSYPAGTEEDEG 

MEEELSPFRGRSRSAPPNLWAAQRYGRELRRMSDEFEGSFKGLPRPKSAGTATQMRQSAGW 
TRIIQSWWDRNLGKGGSTPSQ . 

5. An isolated Bad polypeptide of claim 1 which is 
30 a naturally-occurring polypeptide sequence in mammals. 

6. A mammalian Bad polypeptide in a nonmammalian cell 
or substantially purified from other mammalian proteins, said 
mammalian Bad polypeptide comprising the following amino acid 

35 sequences, in order from amino-terminal to carboxy-terminal 
direction with spacer amino acid sequences separating each amino 
acid sequence are: -GTPKQPSLAPAHAL- ; -RKSDPGIRSLGSDA-; 
-RWRPAAQSMFQIPEFEP- ; -EQEDASATDRGLGPSLT-; -PGPYIAPGLLGSNIHQQ-; 
— RAATNSHHGGAGAMETRS- ; -HSSYPAGTEEDEG-; -EELSPFRGRSRSAPPN-; 
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-WAAQRYGRELRRMSDE- ; -SFKGLPRPKSAGTATQM- ; -SAGWTRI IQSWWDRNL- ; 
-PPNLWAAQRYGRELRRMSDEFEG- ; and -GWTRIIQSWWDRNLGK- . 

7 . A Bad polypeptide of claim 1 fused in polypeptide 
5 linkage to a heterologous polypeptide sequence. 

8. A Bad polypeptide of claim 7, wherein said 
heterologous polypeptide sequence is a GAL4 activation domain 
sequence or a GAL4 DNA-binding domain. 



9 . An isolated polynucleotide encoding a Bad 
polypeptide of claim 1. 



10. An isolated polynucleotide of claim 9, wherein 
15 said polynucleotide encodes a Bad polypeptide of claim 5. 

11. An isolated polynucleotide of claim 9, wherein 
said polynucleotide comprises a nucleotide sequence selected from 
the group of sequences consisting of: 



20 



25 



30 
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5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



-GGGAACCCCAAAGCAGCCCTCGCTG-3 1 ; 
-CACACGCCCTAGGCTTGAGGAAGTCC-3 ■■; 
-CGGAATCCGGAGCCTGGGGAGCG-3 1 ; 
-AGGAAGGCGGTGGAGACCAGCAGCCCAG-3 • ; 
-AGTATGTTCCAGATCCCAGAGTTTGAGCC-3 1 ; 
-AGTGAGCAGGAAGACGCTAGTGCTACAGAT-3 1 ; 
— GCCTGGGCCCTAGCCTCACTGAGGAC— 3 1 ; 
-CAGCCAGGTCCCTACCTGGCCCCAGGTCTC-3 1 ; 
-GCAACATTCATCAGCAGGGACGGGCAGCCA-3 1 ; 
-CAACAGTCATCATGGAGGCGCAGGGGCTATG-3 1 ; 

- G ACT CGGAGTCG CC AC AGTTCGT ACCC AG - 3 1 ; 

- CGGGGACCGAGGAGG ATGAAGGG ATGGAGG A- 3 1 ; 
-AGCTTAGCCCTTTTCGAGGACGCTCGCGT-3 1 ; 
-GTTCGGCTCCCCCCAATCTCTGGGCAGCGCAGCG— 3 1 ; 
-ACGGCCGTGAGCTCCGAAGGATGAGCGATG-3 • ; 
-GTTTGAGGGTTCCTTGAAGGGACTTCCTC-3 1 ; 

- C AAAG AG CG C AGG C A CTG C AACAC AGATG — 3 1 ; 
-AGCGCCGGCTGGACGCGCATTATCCAG-3 1 ; 
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5 1 -CGGAGTCGCCACAGCTCCTACCCCG-3 ' ; 
5 1 — GAGGACGACGAAGGGATGGGGGAGGAGC— 3 1 ; 
5 1 -CCCCAACCTCTGGGCAGCACAGCGCT-3 1 ; 
5 • -CAGCGCTTATGGCCGCGAGCTCCGGAG-3 • ; 
5 5 1 — GCATTATCCAGTCCTGGTGGGATCGAAACTTG— 3 1 ; and 

5 9 -GGATCGAAACTTGGGCAAAGGAGGCTCCACCCCCTCCCA-3 9 . 

12. An isolated polynucleotide of claim 11, wherein 
said polynucleotide comprises at least two nucleotide sequence 
10 selected from the group of sequences consisting of: 
5 9 -GGGAACCCCAAAGCAGCCCTCGCTG-3 1 ; 
5 1 -CACACGCCCTAGGCTTGAGGAAGTCC-3 1 J 
5 1 -CGGAATCCGGAGCCTGGGGAGCG-3 • ; 
5 9 — AGGAAGGCGGTGGAGACCAGCAGCCCAG— 3 1 ; 
15 5 • -AGTATGTTCCAGATCCCAGAGTTTGAGCC-3 9 ; 

5 9 -AGTGAGCAGGAAGACGCTAGTGCTACAGAT-3 • ; 
5 • -GCCTGGGCCCTAGCCTCACTGAGGAC-3 9 ; 
5 '-CAGCCAGGTCCCTACCTGGCCCCAGGTCTC-S • ; 
5 ' — GCAACATTCATCAGCAGGGACGGGCAGCCA— 3 9 ; 
2 0 5 9 -CAACAGTCATCATGGAGGCGCAGGGGCTATG-3 9 ; 

5 9 -GACTCGGAGTCGCCACAGTTCGTACCCAG-3 • ; 
5 9 -CGGGGACCGAGGAGGATGAAGGGATGGAGGA-3 1 ; 
5 ■ -AGCTTAGCCCTTTTCGAGGACGCTCGCGT-3 9 ; 
5 9 — GTTCGGCTCCCCCCAATCTCTGGGCAGCGCAGCG— 3 ' ; 
25 5 9 — ACGGCCGTGAGCTCCGAAGGATGAGCGATG-3 1 ; 

5 1 -GTTTGAGGGTTCCTTCAAGGGACTTCCTC-3 9 ; 
5 9 -CAAAGAGCGCAGGCACTGCAACACAGATG-3 1 ; 
5 9 —AG CGCCGGCTGGACG CG CATTATCCAG - 3 1 ; 
5 1 -GCATTATCCAGTCCTGGTGGGATCGAAACTTG-3 1 ; and 
30 5 9 -GGATCGAAACTTGGGCAAAGGAGGCTCCACCCCCTCCCA-3 • . 

13. An isolated polynucleotide of claim 11, wherein 
said polynucleotide comprises the sequence: 

5 ' -ATGGGAACCCCAAAGCAGCCCTCGCTGGCTCCTGCACACGCCCTAGGCTTGAGGAAGTCC 

3 5 GATCCCGGAATCCGGAGCCTGGGGAGCGACGCGGGAGGAAGGCGGTGGAGACCAGCAGCCCAG 

AGTATGTTCCAGATCCCAGAGTTTGAGCCGAGTGAGCAGGAAGACGCTAGTGCTACAGATAGG 
GGCCTGGGCCCTAGCCTCACTGAGGACCAGCCAGGTCCCTACCTGGCCCCAGGTCTCCTGGGG 
AGCAACATTCATCAGCAGGGACGGGCAGCCACCAACAGTCATCATGGAGGCGCAGGGGCTATG 
GAGACTCGGAGTCGCCACAGTTCGTACCCAGCGGGGACCGAGGAGGATGAAGGGATGGAGGAG 

4 0 GAGCTTAGCCCTTTTCGAGGACGCTCGCGTTCGGCTCCCCCCAATCTCTGGGCAGCGCAGCGC 
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TACGGCCGTGAGCTCCGAAGGATGAGCGATGAGTTTGAGGGTTCCTTCAAGGGACTTCCTCGC 
CCAAAGAGCGCAGGCACTGCAACACAGATGCGACAAAGCGCCGGCTGGACGCGCATTATCCAG 
TCCTGGTGGGATCGAAACTTGGGCAAAGGAGGCTCCACCCCCTCCCAGTGA-3 • . 

5 14 . An isolated host: cell comprising a recombinant 

polynucleotide encoding a polypeptide of claim 1. 

15. A non-mammalian host cell comprising a mammalian 
Bad polypeptide and a mammalian bcl-2 or bcl-x L polypeptide. 

10 

16. A substantially purified composition comprising 
a mammalian Bad polypeptide and a mammalian JbcI-2 or bcl-x L 
polypeptide. 

15 17. A composition comprising polynucleotide sequences 

encoding (1) a first hybrid polypeptide comprising a Bad 
polypeptide and an activator domain of a transcriptional 
activator protein , (2) a second hybrid polypeptide comprising a 
Jbcl-2 or bcl~x L polypeptide and a DNA-binding domain of said 

2 0 transcriptional activator protein, and (3) a reporter 

polynucleotide linked to a transcriptional regulatory element 
whose transcriptional activity is dependent upon the presence or 
absence of a heterodimer comprised of the first and second hybrid 
polypeptide. 

25 

18. A method for identifying agents that inhibit 
binding of a Bad polypeptide to a bcl-x 1, or bcl-2 polypeptide to 
form heteromultimers, said method comprising: 

performing a heterodimerization assay which includes 

3 0 a Bad polypeptide species comprising a BH1 and BH2 domain with 

a jbd-2 or bcl-x L polypeptide species and an agent under suitable 
binding conditions; 

determining whether the agent inhibits 
heterodimerization of the Bad polypeptide to the Jbcl-2 or Jbcl-jr 1, 
3 5 polypeptide; 

identifying * agents which inhabit said 
heterodimerization as candidate Bad modulating agents. 
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19. The use of a Bad polypeptide or polynucleotide to 
diagnose and/or treat disease or to identify an individual. 

20. The use of Bad polypeptides or Bad polynucleotides 
5 for screening compound banks to identify candidate pharmaceutical 

agents or for development of transgenic or knockout mice having 
an altered Bad genotype. 

21. A computer system comprising a storage device 
10 having a bit pattern encoding a full-length Bad polypeptide or 

polynucleotide seguence as shown in Figs. 1, 2(a), and 2(b), a 
data file of sequences or a query sequence, and a program for 
sequence alignment and comparison. 

15 22 • The use of a computer system described above, 

which comprises: (l) a computer, (2) a stored bit pattern 
encoding a full-length Bad polynucleotide cDNA or gene sequence 
or full-length Bad polypeptide seguence, which may be located in 
said computer, (3) a comparison sequence, such as a query 
sequence or a data file sequence other than a Bad sequence, and 
(4) a program for alignment and comparison of sequence identity, 
typically with rank-ordering of comparison results on the basis 
of computed similarity values. 

25 23. A method for identifying polynucleotide or 

polypeptide sequences related to a full-length Bad sequence, 
comprising performing a computerized comparison between a Bad 
. sequence stored in or retreived from a computer storage device 
or database and at least one other sequence, wherein said 

30 comparison includes (1) a sequence analysis or sequence 
comparison computer program and/or (2) a comparison of the 
relative amount of Bad sequences in a pool of sequences 
determined from a polynucleotide sample of a specimen. 

35 24. "A polynucleotide probe comprising a labeled * 

polynucleotide of at least 25 nucleotides that- are substantially 
similar to a human Bad cDNA. 
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25. A method for detecting human Bad mRNA or gene 
sequences in a pool of polynucleotides, comprising contacting a 
Bad polynucleotide with said pool of polynucleotides under 
conditions suitable for hybridization or PCR amplification and 
detecting human Bad mRNA or gene sequences which are hybridized 
or amplified. 

26. The method of -claim 25, wherein the Bad 
polynucleotide comprises at least one of the following sequences: 
5 1 -GACACAGGCTAAGAGAGTCGAAGGCTCGCTAG-3 1 ; 

5 » — CTCCGCTGATCATCACTGGACTCTGGATTCC— 3 • ; 

5 • -TCCAGCCTCAGGCCTCCACAGCTTCACAGAA-3 • ; 

5 • -GAGATCCGGAGTCGCCACAGCTCCTACC-3 1 ; 

5 • -TGAGTGAACGAGTTTTTGGGATTCTTTAAAGAAGG-3 » ; 

and their complementary sequences. 

27. The use of a Bad polynucleotide to diagnose or 
treat a human disease of apoptosis or neoplasia, wherein the Bad 
polynucleotide comprises at least one of the following sequences: 
5 1 -GACACAGGCTAAGAGAGTCGAAGGCTCGCTAG-3 
5 • -CTCCGCTGATCATCACTGGACTCTGGATTCC-3 
5 1 -TCCAGCCTCAGGCCTCCACAGCTTCACAGAA-3 
5 " - G AG ATCCGG AGT CGCC AC AG CTCCTAC C — 3 » ; 

5 1 -TGAGTGAACGAGTTTTTGGGATTCTTTAAAGAAGG-3 1 ; 
and their complementary sequences. 

28. An isolated Bad polynucleotide comprising at least 
one of the following sequences: 

5 1 -CGGAGTCGCCACAGCTCCTACCCCG-3 1 ; 

5 1 — GAGG ACGACGAAGGG ATGGGGGAGGAGC— 3 • ; 

5 • -CCCCAACCTCTGGGCAGCACAGCGCT-3 1 ; 

5 ■ -CAGCGCTTATGGCCGCGAGCTCCGGAG-3 » ; 

5 • — CTCGGAGTCGCCACAGTTCGTACCC— 3 ' ; 

5 ' -GAGGAGGATG AAGGG ATGGAGGAGGAGC- 3 1 ; and 

5.'-CCCCAATCTCTGGGCAGCGCAGCGCT-3 ' . 
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GGCACGAGCGGACCCCGCCCCCTAGCTTGTGTCTGCAGGCCCCGCGTCCGGCCCGGGGCA 

GCGTACGCACACCTATCCTGGCAGCAGAGGCCCCTGGAGCCCCACGGCTCGCCTTCCTGG. 

GCGCC CCGTCCCTTCTTCCGC AC CCGGGCGGCCATCCTGCCGT AAA GGAGC7CCCGAAAT . 

GGCGCGGGGGGTTGTCCCCAAGACGGGCAGTGCAAGGCCCTCCACGATCGGGAAGAAGGA 

GCTGGTCTTCCCATCCCGGTCACTCGGTCCAGGGGGAGCAATAACCATCGCAACGACCAT 

TGCATCCGACGGCCGAGC77CA G7GAA CGGC7C7 ATAAG TAATCACTAAGC7G77TACAG 

AGTTTTCACCAGCTCC CC AGGGAGGTGTCATTAACCCCATTTTACAGGAGGGAATTCGGG 

' +1 

CCCAGAAGGGCTGGAGGACTTATCAGCCGAAGCAGGCCTCCAGGATCCAAATGGGAACCC i 0 



• CAAAGCAGCCCTCGC7GGCTCC7GCACACGCCC7AGGCTTGAGGAAG7CCGA7CCCGGAA 7 0 
4 ? K 3 ? S L A ? A H A L G L R _ K 5 D ? G 

7CCGGAGCCTGGGGAGCGACGCGGGAGGAAGGCGG7GGAGACCAGCAGCCCAGAG7ATGT 130 
24 I R S L G S O A G G A R W R ? A A Q £ M 

7CCAGA7CCCAGAG777GAGCCGAG7GAGCAGGAAGACGC7AG7GC7ACAGA7AGGGGCC 190 
44 f 0 : ? J F Z ? £ Z 2 J?„~ r A T - ? - c " 

7GGGC CC7AGCC7 CACTGAGGAC CAGCCAGG7CCCTACCTGGC C C CAGGTCTC CTGGGGA 250 
54 L G ? £ 1 7 Z Z : ? 5 ? V L A ? G . L L G 

GCAACAT7CA7CAGCAGGGACGGGCAGCCACCAACA.G7CA7CA7GGAGGCGCAGGGGCTA 310 
34 S N I H C C? G R A A 7 N S Z = G G A G A 

TGGAGAC7C GGAG7 C GC CACAG77 C G7AC C CAGCGGGGACC GAGGAGG A7GAAGGGATGG 37 0 

104 M Z 7 R S K H . £ £ V ? f.....r... 

AGGAGGAGC77AGCCC7777CGAGGACGG7CGCG77CGGC7CCCCGCAA7C7C7GGGCAG 4 30 
12 4 Z Z Z - 5 ? T R 3 R £ R 5 A ? ? :: 1 W A 



CGC AGC GC7ACGGC C G7GAGC7C C GAAGGATGAGC GA7GAG7T7 GAGGG77CC77CAAGG 490 
144 A •: R Y G R Z 1 R R M £ : I > z = r R 

GAC77CC7C3CGCAAAGAGGGGAGGCA37GCAACACAGA7GCGACAAAGCGG33GC7GGA 5 50 
154 G L - r R ? R £ A G 7 A 7 Q M R I .£ A G V." 

GGCGCA77A7CCAG7CC7GG7GGGA7CGAAACT7GGGCAAAGGAGGC7CCACCCCC7CCC 610 
154 7 r : i : £ w 2 ?. i 3 3 3- £ 7 r £ 

AG7GA7 C77C7 GC7C C AC A7C C 7 3-3AAC7C7ACC ZZZZCZZ G7 C G C C 3 GC CA7A77GGG7 



G7GGG 3 GGAAG7C 777C Z^GZZ 377 AG GAAAAAAAAAGAGGA7 3 G 37 37 G7 3 3 3777 AAC 
AGGGAGAAGAGG7 GAC 37ACAGG77GAG7G 3 3773 Z 3 G7GG G7 3 3AA7 AGC 3 A 3 G%jAosjv? 
37 G 3 37 3 37 3777 GGAG777CAAA 37777 3 3 A 3 3 3 A3 3 - 3 A 3333 — AAG -3.3 — ov-* 
7GGC7 377773 3 37 373 37G7737 3 3A 37 33 3 373 GGG7 3 3 «. 7G7 ^ - . AA - - - -* ^^j-^ - . - 
7 GGG7 33737337373 A 7 AA 3 7 GG G G A 3 3 3 G A GG 7 3 G 3 GAG AAA 33733777 A7AA 7AAA 
333733 33A73733 AAAAAAAAAAAAAAAAAA 
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Bad Sequences 



laj Mouse Bad Polypeptide Deduced from cDNA 
SEQ ID NO: 2 

:!GTPKQPSLAPAK.-.12LRKSD?GI?.SLGSDAGG?J?WRPAAQSMFCI?E-Z-S-QEDASATD 

SGLGPSLTZDQPGPs'LAPGLLGSHIHQQGRAATMSHHGGAGAMETRSRHSSYPAGTEEDEG 

MEEELSPFRGRSRSAPPNLWAAQRYGRELRRMSDEFEGSFKGLPRPKSAG.TVTQMROSAGW 
TRIIQSWWDRNLGKGGSTPSQ * V 



Mouse Poivnuclsorids g eouencg Encsdina Bad =>oi vnenr. i 
£EQ ID NO: : 

5 ' "ATGGGAACCCCAAAGCAGCCCTCGCTGGCTCCTGCACACGCCCTAGGCTTGAGGAAGTCC 
3ATCCCGGAATCCGGAGCCTGGGGAGCGACGCGGGAGGAAGGCGGTGGAGACCAGCAGCCCAG 
--GTATGTTCCAGATCCCAGAGTTTGAGCCGAGTGAGCAGGAAGACGGTAGTGCTACAGATAGG 
jGCCTGGGCCCTAGCCTCACTGAGGACCAGCCAGGTCCCTACCTGGCCCCAGGTCTCCTGGGG 
vGCAACATTCATCAGCAGGGACGGGCAGCCACCAACAGTCATCATGGAGGCGCAGGGGCTATG 
: AGACTCGGAGTCGCCACAGTTCGTACCCAGCGGGGACCGAGGAGGATGAAGGGATGGAGGAG 
'AGCTTAGCCCTTTTCGAGGACGCTCGCGTTCGGCTCCCCCCAATCTCTGGGCAGCGCAGCGC 
ACGGCCGTGAGCTCCGAAGGATGAGCGATGAGTTTGAGGGTTCCTTCAAGGGACTTCCTCGC 
CAAAGAGCGCAGGCACTGCAACACAGATGCGACAAAGCGCCGGCTGGACGCGCATTATCCAG 
CCTGGTGGGATCGAAACTTGGGCAAAGGAGGCTCCACCGCCTCCCAGTGA — ' 



FIGURE 2 
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603 bp 
BAD 430 bp 
310 bp 
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BCL-X L 350 bp 
310 bp 



603 bp 
p-ACTIN 570 bp 





FIG. 7. 



9613614A1JA> 



BEST AVAILABLE CDs • 

RECTIFIED SHEET (RULE 91) 



WO 96/13614 _ - PCT/US9S/14246 

8/18 



BAD 



506 bp — 
396 bp 

344 bp 

298 bp 




BCL-X L 



506 bp 

396 bp — 

298 bp 




.961361 4A1_IA> 



BEST AVAILABLE COF i 

RECTIFIED SHEET (RULE 91) 



WO 96/13614 




PCT/US95/14246 





9/18 




DNA BINDING DOMAIN 


ACTIVATION DOMAIN . 


ONPG 


X-GAL 




pnL ill 


1.0. 






pACTII BCL-2. 


98 






pACTII BAX 


0.6 






pACTII BCL-X L 


37 






pACTII BCL-Xo 


0.7 






pACTII MCL-1 


1.2 






pACTII Al 


1 . 1 




• 


pACTII BAD 


1.1 




pAS BCL-2 


pACTII 


1 .0 






pACTII BAD ■■ 






pAS BCL-X L 


pACTII 


1.0 






pACTII BAD 


68 


o 


pAS MCL-1 


pACTII 


1.0 






pACTII BAD 


0.8 





FIG. 9. 



BNSDOCID: <WO 9613614A1JA> 



RECTIFIED SHEET (RULE 91) 



WOMS1MM — - PCT/USM/14M* 

10/18 



M 



^' +V V+^Y*- 

« v ^ ^ v 



rV 



31.5 kD — 
27.5 kD — 



HA-Bad 



FIG. tO. 



) 981361 4A1_IA> 



RECTIFIED SHEET (RULE 91) 



btST AVAILABLE C^. 



WO 96/13614 



PCT/US9S/14246 

11/18 



Neo 

Bcl-2 

Bcl-2HA-BAD#4 
Bcl-2HA-BAD#I5 
BchxLHygro 
Bcl-xLHA-BAD#7 
Bcl-xLHA-BAD#8 




OAYS OF IL-3 DEPRIVATION 



FIG. U. 



RECTHHEQ SHEET (RULE 91) 



WO 96/13614 



PCTAJS9S/14246 



12/18 



M 6C8 I2CA5 C 6C8 I2CA5 C 
30KD-- ^ 



ft 




2I.5KD — mM — 



t 



B 

46KD*- 
30KD — 
2J.5K0 — 



kFL5.l2 Bcl-2H-FL5.l2Bcl-2H 
HA-Bad#4 

!°6C8 l°6C8 
M 2°«-Bad 



30KD mm <_ . 



•HA-Bad 
•Bcl-2 



HA-Bad 
Bcl-2 

Box 



Bel 2 



FL 5. l2Bc|-2 
HA-Bad #4 



FIG. 12. 



©613614A1JA> 



BEST AVAILABLE COt . 

RBCTIRED SHEET (RULE 91) 



WO 96/13614 



PCTAJS95/14246 

I3/J8 



30RD-** • ^ K ■ S HA- Bad 

:. **"~BcI-i L 

2L5KD — m ~ - _ Bm 



B 

BcI-il 
Box 

2I.5KD 
C 

30RD — -f- HA- Bad 

Bcl-i L 



2I.5KD 



Box 



I FL5.l2Bcl-x L | FL5J2BeN,| 
HA- Bod 

IVBchx !°*-Bcl-x 
) M 2°I2CA5 

30KD- - W B *Jgg- 



FL5.I2BcI-il 
HA-Bod#7 



FIG. 13. 

BHEE^Effg^VAILABLE COr 



BNSDOCID: <WO 9613614A1_IA> 



WO 96/13614 




PCT/US9S/14246 



14/18 



o J_ J_ I J_ 

o> «» " O j_> 0 o 



csj eg eg cm cy cm 

to iri in m to uj 
» — i — i i — > — > 

U. U_ U_ Ul_ U- U_ 

A 



HA " Bod ~ — ^nwn 

Bd-x L -^ ~ — 30KD 

Bor-^ - - ~p 2I.5KD 



B 

30KD 

Box— — - '4— 2I.5K0 

C 

«f — 30KD 

— . — — — — 1| ^ 2 | >5R0 

FRACTION OF 
BAX ,N0T HETERODIMERIZED 0.97 52.79.5339 .47 



F/6. 14. 



9613614A1JA> 



bfcST AVAILABLE ^ 

HBCI1RED SHEET (RULE 91) 




[ DATA FILE J 

FiG. /6. 



WO 96/13614 



m 



16/16 
40 



INPUT QUERY 
SEQUENCE(S) 



I 



RETREIVE DATA 
FILE SEQUENCE(S) 
INCLUDING BAD 



^41 



ALIGN DATA FILE 
SEQUENCER) TO 
QUERY SEQUENCE 



4 



42 



43 



COMPUTE SEQUENCE 
SIMILARITY VALUE 
OF ALIGNED SEQUENCE 



RANK SEQUENCES 
AN BASIS OF 
SIMILARITY VALUE 



44 




• 



PCT/US95/14246 



,46 



RETREIVE DATA 
FILE SEQUENCES 
OTHER THAN BAD 
SEQUENCE(S) 



fi& /r. 



RECTIFIED SHEET (RULE 91) 



9613614A1JA> 



WO 96/13614 ^ PCI7US95/14246 

GGGACACAGGCTAAGAGAGTCGAAGGCTCGCTAGACAAGGGGAGAGACAC 
AGAGCTCCGCTGATCATCACTGGACTCTGGATTCGACCAAACCTTTGGAA 
CCTTCCAGCCTCAGGCCTCCACAGCTTCACAGAAACTGGGCCCTGGGGCT 
GTGGAGATCCGGAGTCGCCACAGCTCCTACCCCGCGGGANCGGAGGACGA 
CGAAGGGATGGGGGAGGAGCCCAGCCCCTTTCGGGCCGCCTTCGCCCTCG 
GGCCNCCCCAACCTCTGGGCAGCACAGCGCTTATGGCCGCGAGCTCCGGA 

GATTGAGTGAACGAGTTTTTGGGATTCTTTAAAGAAGGGATTTCTTGGCC 
CGAAGAGCGCGGGC 

FIG. 18. 



BAPORF- ATGGGAACCCCAAAGCAGCCCTCGCTGGCTCCTGCACACGCCCTA -4 5 

I I I I I I I I 

HI 81 35- GGG ACACAGGCTA -13- 

BAPORF- GGCTTGAGGAAGTCCGATCCCGGAATCCGGAGCCTGGGGAGCGAC -90 

I I I I I I I I I I I I I I I I I I 

H18135- AGAGAGTCGAAGGCTCG CTAGACAAGGGGAGAGAC -4 8 

BAPORF- GCGGGAGGAAGGCGGTGGAGACCAGCAGCCCAGAGTATGTTCCAG -135 
II 

HI 8 135- ACAG _ _ 52 

BAPORF- ATCCCAGAGTTTGAGCCGAGTGAGCAGGAAGACGCTAGTGCTACA -180 
H18i35- ; _ 52 

BAPORF- GATAGGGGCCTGGGCCCTAGCCTCACTGAGGACCAGCCAGGTCCC -225 

III I I I I I III I I I I | 
H18135- AGCTCCGCTGATCATCA — CTGGACTC -77 

BAPORF- TACCTGGCCCCAGGTCTCCTGGGGAGCAACATTCATCAGCAGGGA -2 70 

I I MM' .11 I I I I I I I IN 
HI 8 135- TGGATTCCACCAAACCTT ■ — TGGAACCTTC CAGCCT -111 

BAPORF- CGGGCAGCCACCAACAGTCATCATGGAGGCGCAGGGGCTATGGAG -315 

• Ml I I I I II I - I I I I I I I I I I I I I I I 

HI 8 135- CAGGCCTCCACAGCTTCACAGAAACTGGGCCCTGGGGCTGTGGAG -156 

BAPORF- ACTCGGAGTCGCCACAGTTCGTACCCAGCGGGGACCGAGGAGGAT -3 60 

I II I I I I I I I I I I I I I I I I I I I Mill I I I I I I || 
H 18 135- ATCCGGAGTCGCCACAGCTCCTACCCCGCGGGANCGGAGGACGAC -2 01 

FIG. 19-1. 
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BAPORF- GAAGGGATGGAGGAGGAGCTTAGCCCTTTTCGAGGACGCT-CGCG -4 05 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

HI 81 35- GAAGGGATGGGGGAGGAGCCCAGCCCCTTTCGGGCCGCCTTCGCC -2 4 6 

BAPORF- TTCGGCTCCCCCCAATCTCTGGGCAGCGCAGCGCT-ACGGCCGTG -4 50 

Mil l I I I I I I I I I I I I I I I I I I I I I I I | | | | | | | | 
HI 81 35- CTCGGGCCNCCCCAACCTCTGGGCAGCACAGCGCTTATGGCCGCG -2 91 

BAPORF- AGCTCCGAAGGATGAGCGAT-GAGTTTGAGGGTTCCTTCAA -4 95 

I I I I I I I II I I II II MINI | | | | MIM 
HI 8 135- AGCTCCGGAGATTGAGTGAACGAGTTTTTGGGATTCTTTAAAGAA -3 3 6 

BAPORF- GGGACTTCCTCGCCCAAAGAGCGCAGGCACTGCAACACAGATGCG -54 0 

I I I I I I I I I I I I I I I I I I I I Ml 
H18135- GGGATTTCTTGGCCCGAAGAGCGCGGGC -364 

BAPORF- ACAAAGCGCCGGCTGGACGCGCATTATCCAGTCCTGGTGGGATCG -585 
BAPORF- AAACTTGGGCAAAGGAGGCTCCACCCCCTCCCAGTGA -622 

FIG. 19-2. 
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